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DESIGN BASIS AND PROJECT TONE

Process Selection

The treatment process has been designed based on the
results of the engipeering study an&fpreliminary process
design done by Monsanto Enviro-Chéﬁ éhd submitted to the
Village of Sauget in a report aafed 5/15/72. The design
informaticn for the recommended uni.t operations has been
shown in fppendix A. Any modifications which have been
made becanse of changes in the type of lime, expected
changes 1.1 waste composition, or use of existing or
modified equipment will be shown on'the equipment

specification sheets.

System Reliability and Treatment of Storm Water

The 1llinois Pollution Control Board Rules and
Regulatioris on System Reliability are listed below:

Part VI. Perforﬁénce Criteria

This part contains specific requirements and
prohibitions concerning existing and potential sources
of water pollution.

601 Systems Reliability

(2) Malfunctions. All treatment works and - -

associated facilities shall be so constructed and
operated as to minimize violations of applicable
standards during such contingencies as flooding,

adverse weather, power failure, equipment failure,
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602

or maintenance, through such measures as multiple
units, holding tanks, duplicate power sources, or
such other measures as may be appropriate.

(b) Spills. All reasonablé measures, including

where appropriate the provision of catchment areas,

relief vessels, or entrapmgnf dikes, shall be
taken to prevent any spiilage of contaminants from
caus ing water pollution.

Combined Sewers and Treatment Plant Bypasses

(a) The installation of new combined sewers is
prohibited, except where sufficient retention or
treatment capacity is provided to ensure that no
vioclation of the effluent stendards in Part IV of
this Chapter occurs.

(b) Excess infiit}ation into sewers shall be
eliminated, and the maximum practicable flow shall
be conveyed to treatment fécilities. Overflows
from sahitary sewers are expressly prohibited.

(c) All combined sewer overflows and treatment
plant bypasses shall be given sufficient

treatment to pre§ent pollution or the violation of
applicable water quality standards. Sufficient -
treatment shall consist of the following:

-2~



(4)

(1)

(2)

(3)

All dry weather flows, and the first flush of
storm flows as determined by the Agency, shall
meet the appli:ztle effluent standards;
Additional flows, as determined by the Agency
but not less than ten éimgs the average dry
weather flow for the desién year, shall receive
a minimum of primary‘tr;atment and disinfection
with adequate retenéion time;

Additional treatment, through retention and
return of excess flows to the treatment plant
or otherwise, shall be provided when required
to achieve compliance with water quality

standards.

Compliance with paragraph (c} of this Rule 602 shall

be achieved on or beforé the following dates:

(1)

(2)

(3)

All treatmeﬁt.piént bypasses, by the applicéble
date for improvement qf treatment works under
Pgrt IV of this Crapter;

All combined sewer overflows within the
Metropolitan Sanitary District of Greater
Chicago, by December 31, 1977;

All other cémbined sewer overflows, by December

31, 1975. : : ST



To meet the criteriz under €01:

(1) Multiple units and spares will be purchased and
installed where required for system reliability.
(1.e., installed spare pump for influent, bypass
line for influent line when orifice or flow con-
trol valve being repéired, three cells in the
neutralization basins wish allowance for shutdown
of any cell without plant shutdown, installed
spare pump in lime slurry line, design of duplicate.
clarifiers and flocculation basins allows con-
tinued plant operation ’n case of shutdown of
one chamber, installed spare pump in effluent
recycle line, pumping station plping designed
to allcw three storm pumps to pump plént

effluent to-river in case of failure of Corps

' B L

Cl Iaginiz - rtation, two lime storage
silos, and two feeder;slaker croups to allow

sﬂutdown of one unit for repairs while still con-
tinuing operation of lime treatment facility,
installed spare sludge pump, 375,000 gallon emergency
asphalt-liﬁed storage lagoon for scum and sludge,
operation of vacuum filters for 16 hours/day

to allow for equipment repairs, 15 hours

sludge holding capacity in the clarifiers,

an installed spare pump on the polyelectrolyte

feed line.)

T



Installation of a2 1.1 MGD storage lagoon will
allow for up to 3 hours of total plant
shutdown without any bypass of wastewaters.
Because no power fallures have caused
interruption of the operaéion of the existing
Sauget Treatment Plant during the last five
years and the high cbsfs for auxiliary power
source, no auxiliary power source will be
provided.

To meet the criteria under 602:

(1) A "first flush" holding capacity of
800,000+ gallons has been installed.
Calculations for the "first flush" of
storm water hgve been shown in
Appendik B. -

(2) It is not felt that there will be any
need for "additional treatment" of excess
storm waters beyond the clarificastion
provided in a clarifier with an overflow
rate of 2000 gal/day-ftz.

The'design'flow rate has been based on predicted

flow levels for 1974 as supplied to Enviro-Chem by-

the Village of Sauget. (See Dwg 2-)



In Appendix C are shown calculations for plant
capacity on preliminary flow numbers. It was assumed
in these preliminary calculgtions that the storage
lagoon would be drained at a maximum rate of 280 gpm.
VFinal design will allow draiqihg rates of greater
than 5000 gpm. It was*éhown‘that a design capacity
of 10.1 MGD would aliow handling all normal dry
weather flow more than 98% of the time. This is
approximately equal to two standard deviations above
the mean. The possibility cdues exist that the 10,1
MGD plant would-have over 1 MGD excess capacity if
pea’: flows predicted did not coincide.

If other industry requiring waste water treatment
should locate in the Sa&get area, several possible
alternatives wili bé open 1f enough capacity is not
present 1n the proposed chemical treatment facllity.

The first option would be to expand the storage
lagoon so as to allow greater reserve capacity.

The second option would be to store surges 1n the
plants or to require limited discharges for new in-

dustry during periods of the day when peak flows have

been observed.




The Village has decided to install 15% excess flow
capaclity into the system which is equivalent to a design
flow of 11.5 MGD. This safe@y factor plus the change in
the draining rate for the storage lagoon should increase
the system reliability for dry %eather flow to a level
approaching 100%. " .

From the information shovn on Dw. 6 on acidities,
vwe recommend that the lime neutralization facility be
desigaed to deliver as a maximum enough lime to neutralize
391,330 1lbs/day of acidity and on the average sufficient
lime to neutralize 75,300 1lbs/day of acidity.

With this design basis, neutralization will be
possible 100% of the time barring equipment failure,
power fallures, nonfdg}iééry of lime, or.disaster.

Because sludée ééneration rates are the least
reliasle data from the pilot rlant study, and questions
have been posed as to actual lime utilization, sludge
handling capacity will be based on lime usage for the
predicted 1974 average acidity with a 30% safety factor,

Provisions for Future Expansions or Additions

To provide for expansion of the planned treatment
operations, units will be so affanged as to alléw-
installation of duplicate units, (i.e., one additional
clarifier to handle 5-6 MGD, an additional vacuum filter,
an additional sludge pump, additlonal neutralization

chambers. ) )



To provide for possible future treatment operations,
units will be so arranged as to allow installation of
possible treatment steps after the chemical system.

Plant Appearance

Basic appearance of facility will ﬂot~be altered.
Design does not include any considerations for upgrading
the area or installing equipment in such a manner to

make the plant a "showplace."



GENERAL PROCESS DESCRIPTION

Influent Wet Well (V-001)

-

»

The influent wet well is part 9f the existing pumping
station which will act as a wéf.sump for the influent pump
and two of the five storm water pumrs. Waste water will con-
tinue to enter the influent wet well by four existing Villagaz
of Sauget sewers. Waste will pass through the bar screens
(z-001 thru zZ-003) and.under the flcating scum collector
(z-004) to the influent and storm water pumps. The wet well
bottom is approximately at EL3§5, the wall top at EL41ll and
the working water depth_of,EL§93 to EL395. The influent wet
well retention time will be approximately 10 minutes at 6,009
GPM. The maximum inlet flow to this well will be approximat=ly

60,000 GPM.

Bar Screens and Trash Rake (2-001, zZ-002, Z-003, and Z-028)

The existing vertical bar screens are of wooden con-
struction and located in the influent wet well (V-00l)._ The
bar screens are inclined 8° from vertical in three six foot
wide sections with maximum space between bars of 2". The bar

screens are to prevent trash and debris exceeding 2" diameter



from passing through the influent wet well and into the in-
fluent or storm water pumps and thereby causing pump damage.
The trash accumulating on the bar screens-‘will be removed by

-

the existing trash rake (2-028).

Floating Scum Skimmer (Z-004)

The floating scum skimmer will -be located in the influent
wet well (V-001). The slotted 10" fiberglass reinforced pipe
is to be hand operated to remove floating scum, grease, and
0il from the influent wet well and discharge them tﬁrough a
flexible ccnnecting line to the scum tank (V-005) located in

the influent dry well (V-002).-

- -
-~

Pumping Station Scum Handling (P-~-007, V-01l3, and Vv-052)

Scum, oil, grease, and waste€ water from Z-004 and V-005
will be pumpea to the scum decantin¢g tank (V-013). The scum
and water will separate in V-01l3 and will then be decanted
through the scum decanting manhole (V-052) with the water
being returned to the iﬁfluent wet well (V-00l) and the scum

discharged for disposal by the Village of Sauget.

-10-



Influent and Storm Water Pumps In v-002 (P-001, P-002, and P-003)

The influent and storm water pumps are existing Fairbanks -
Morse Figure 5710 acid resistant b;bn;e pamps with 100 horse-
power drive motors. -All three pumgg‘have a design capacity
of 10,000 G2M. The influent pﬁmp wfll discharge through a
butterfly flow control valve (maximvm flow rate is 8,000 GPM)
and flow measurement orifice to the influent surge chamber
(v-008), raising the influent water to the treatment plant
to a level sufficient to maintain gravity flow through the
rest of the system (i.e., main'flow). The storm water pumps
will discharge through a force main to the storm water storage
lagoon (V-0l1) or storm.wgtg;';larifier (v-012). P-002 will
also act as an installed spare for P-00l1 through an appro-
priately valved manifold. P-001 will be controlled by a flow
control valve with a low level shut off. P-002 and P-003
will be controlled by sump level controls. The lagoon force
main shall also be supplied with a by-pass line to the existing
storm water surge chambér (V-010) in the event it should be

necessary to pump directly to the Mississippi River.

-11-



Storm Water Wet Well and Effluent Wet Well (V-003 and Vv-014)

The storm water wet well and effluent wet well will be
formed by a new dividing wall to be'¢opstructed in the existing
effluent wet well. The storm water ye; well shall be a wet
sump for three existing storm &ater éumps (p-004, 005, and
006) . Excess storm flow from the influent wet well (V-001)
will be pumped from V-003 to the storm water storage lagoon
(V-011) or storm water clarifier (v-012). The effluent wet
well (V-014); will be a channel which leads directly to the
final village outfall. Treated effluent and clarified, excess

storm flows will pass through this sump to the Corps of

Engineers Pumping Station and thence to the Mississippi River.

Storm Water Pumps (P-004, P-005, and P-006)

The three storm water pumps, located in the storm water
dry well (V-004) are existing Fairbanks - Morse acid resisting
bronze Figure 5710 centrifugal pumps with a pumping capacity

of 10,000 GPM each.

Influent Surge Chamber (V-008)

The influent surge chamber will receive flow from the
influent pump (P-00l) and will subsequently discharge by

gravity into the aerated grit chamber (V-009).

-]l2-



Storm Water Storage Lagoon (V-01l1l)

The storm water storage lagoon will be a clay lined
earthen lagoon with overall dimensions of'168' by 168°'.
It will provide 1.1 million gallons.w;rking storage volume
for storage (and subsequent tréatmeﬁt) of first-flush storm

water flows and process surges above the design flow rate

(8,000 GPM) .

Storm Water Clarifier (Vv-012)

Excess storm water flows (i.e., flows above plant de-
sign flow rate after first flush volume storage) will be
discharged to the storm water glarifier, a rectangular
straight-line, clay—linéd: earthen clarifier. .The clarifier
will have a design overflow rate qf 2,000 gallons per square
foot per day at the design flow rate of 50,000 GPM. The
clarifier will have overall dimensions of 298' by 184', and
be equiped with an inlet distribution weir, an effluent weir
(z-034), a scum baffle, and a hand operated scum collector
(z-036) . Sludge will be removed from-the clarifier by drain-
ing and mechanical removal (i.e., bulldozer, drag line, etc.)

at appropriate intervals.

-13~



Aerated Grit Chamber (V-009)

The aerated grit chamber will remove larger, rapid
settling particles from the waste Qaggr before lime
addition in V-015. The grit collectéd in the aerated grit
chamber will be removed from'ghe chémber by air 1lift pumps
to the decanting chamber and dewatering lift screw (z2-007)
from which it will be discharged fo: disposal by the Village
of Sauget. The grit chamber and air 1lift pumps will be
supplied air by the grit chamber blower (C-001).
Lime Storage and Addition (V-0lé, Vv-017, v-018, v-019, z2-011,

Z-012, £-013, z-014, p-011, pP-012,
ande—OO 5)

Dolomitic pebble éuicklime, deiivered in hopper trucks, will
be unloaded pneumatically and stored in the lime storage silos
(V=016 and v-017). Dust generated cduring truck unloading will
be captured by the dust collector (V-019) and returned to a
storage silo. The dolomitic lime will be discharged from the
storage silos at a preset, controlled rate, to the lime slakers
(Z-Oil and Z2-012) by gravimetric belt feeders (Z-O;B.and
Z-014). The lime will be slaked (by slurrying with effluent

recycle water) in the lime slakers. Each slaker-feeder group -

will be controlled (off-on) by level controls in the milk of

-14-



lime storage tank (V-018). The 10% milk of lime slurry pro-
duced in the slakers will be degritted in the slakers (grit
to disposal by the Village of Saugét).and‘discharged to the
milk of lime storage. tank. The 10%'£ilk of lime slurry will
be stored in the agitated (A-Obs) milk of lime storage tank
(v-018) frcm which it will be pumped (P-011 and P-012) to the

neutralization chambers.

Neutraliza*ion (Vv-015)

The wsste flow will have the aerated grit chamber (V-009)
by open channel flow and enter three neutralization cells
in series. Each cell will provide 15 minutes retention time
at a flow rate of 11.5 MGD. The waste will be neutralized
by the addition of milk of lime prerared by slaking dolomitic
pebble quicklipe. A feedback control loop will be used to
adjust and control the effluent pH within a range from 8.0

to 8.5 for the dual purposes of reducing acidity and pre-

cipitating heavy metals.

Flow Splitter (V-023)

Subsequent to neutralization, the waste will flow through

an open channel to a splitter box (Vv-023). The flow will

-15-
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divide into two equal portions and flow to rapid mix chambers

V-024 and V-027 by open channel flow. Downstream of the

splitter box the process is divided into two chains.

Rapid Mix

To achieve adequate suspended si0lids removal a poly-
electrolyte (Atlas 2A2) will be added to the neutralized waste.
In order to achieve proper mixing of waste flow and poly-
electrolyte, two rapid mix chambers (V-024 and v-027) will Le
provided wi*h one agitator in each chamber (A-008 aﬁd A-012).

The minimum rapid mix retention time will be 30 seconds.

Flocculation

- -
-~

The effluent of eaéh rapid mix chamber is divided into
two equal portions. Each portion-then enters a flocculation
chamber with a minimum retention tim2 of 20 minutes. Four
flocculation chambers will be provided (v-025, v-029, v-034,
and v-038).

Agglomeration of sugpehded solids will be accomplished
with paddle-type flocculator agitators, (A-009, A-010, A-01l,

and A-013 through A-021) arranged for longitudinal tapered

mixing.

-16-



Chain type rakes,, (2-009, 2Z-017, 2-022, and Z-029) with-
in the flocculation chamber will be located to remove suspended
solids that settle to the bottom. These solids will be raked
into the clarifier sludge hoppers. .On the return run, these
rakes act as scum skimmers. The scum will then be removed
from the flocculation chambers by scum collectors Z-018,

Z2-023, z-0z6, and 2-027.

Clarification

The effluents of the flocculation chambers will flow
directly into two clarifiers (V-026 and V-030) with a maximum
clarifier cverflow rate of SOO’gpd/ft2 Each clarifier will
be equipped with a travellng bridge type sludge rake (Z-020
and z-025). Flocculated suspended 50lids will be separated
from the neutralized waste water by gravity sedimentation
and then raked to sludge hoppers at the upstream end of the
clarifiers. These solids along with the settleable solids
raked from the flocculétion chambers will be pumped to the
sludge handling facilities described in a separate section.

The clarified supernatant will be collected and trans-
ported by clarifier effluent structures Z-032 and 2-033 to

the existing effluent manhole V-032.

17—



Effluent Recycle

The effluent from manhole V-032 will flow by gravity
through two 42" pipes to effluent manhole.V-033 which will
be modified to act as a sump for effluent recycle pumps
P-019 and P-020. A portion of the &ffluent will be re-
cycled to Z-011 and z-012 for lime slaking, to Z-007 for
grit washing, to F-001 and F-002 for removal of solids from
vacuum filter media, and to z-016 ard Z-021 for mixing with

concentrated polyelectrolyte solution.

Effluent Manhole (V-035)

Effluent Manhole V-035 will be modified to serve as a
junction manhole for trea;e?_e?fluent flow through a 42" pipe
from manhole V-033 and storm water flow through a 60" pipe
from the stcrm water parshall flume V-040. This combined
flow then will flow by gravity through two 42" pipes to the
effluent water wet well V-0l4 and then by gravity to the

Corps of Engineers pumping station.

Sludgé Handling -

The sludge will be pumped by sludge pumps (P-017 and

P-018) from the clarifier to a sludge storage tank (V-045)



in the sludge dewatering building (V-046). The sludge will
flow from this tank to the vacuum filters (F-001 and F-002)
by gravity. The rotary, cloth-medium filters will accomplish
the dewatering opera?ion by means of‘; differential pressure
supplied by the vacuum pumps (b-ozsxah& P-027). The de-
watered slvrdge will be discharged fiom the buildiné (v-046)
by means of a belt conveyor (Z-031) and will subsequently

be disposec of by the village of Sauget.

The filtrate and air will discharge to a receiver
(Vv-047 and v-048) which will separate the filtrate from the
air. The filtrate will be pumped by two filtrate pumps to
the building floor sump'(V-OSLY,from which the filtrate will
flow by gravity to the ih%laént wet well (V-001).

The air will be discharged to the atmosphere through a
water trap silencer supplied with the water ring compressor
vacuum pumps (P-026 and P-027). Seal water for the vacuum
pumps and water for the polyelectrolyte makeup will be supplied
from a seal water sump (Q-OSO) and pumps (P-028 and P-029).

City water will provide makeup water for the seal water sump.
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TELEX:
July 20, 1972

Monsanto Enviro~Chem Systems, Inc.
10 South Riverside Plaza
Chicago, Illinois 60606

Attention: Mr., Jerry L. Jones
Engineering Services Manager

Gentlemen:

This letter transmits five copies of our "Report,
Soils and Fcundation Investigation, Proposed Waste Treatment
Plant, Sauget, Illinois, for the Village of Sauget."

The initial scope of our investigation was planned
: in collaboration with Mr. Jerry Jones of Monsanto Enviro-Chem
N Systems, inc., and was outlined in our procosal dated May 19,
1972. During the ccurse of our investigation the scope of
our services was increased, at the request of Mr. Jones, to
include the investigation for, laboratory testing of, and
analyses of suitable clay bLorrow material to be used as a
lining in thes lagoons and the drilling of an additional ex-
ploration test boring. A preliminary draft of our report was
provided to Mr. Jones for his review and comments prior to thkis
submittal of our final report. Our work was performed under
Leonard Construction Company Short Form Subcontract No. Gen £42.

Should you have any commentis or questions regarding
the contents of this report, subsequent to your review of it,
please do not hesitate to contact us.

It has been a pleasure to be of service to the
Monsanto Enviro-Chem Systems, Inc. on this project, and we
appreciate your continued confidence in our firm.
. Yours very truly, - -
DAMES & MOORE

James 8. Thompson
Partner

JBT:GRS:kb



REPORT
SOILS AND FOUNDATION INVESTIGATION
PROPOSED WASTE TREATMENT PLANT
SAUGET, ILLINOIS
‘FOR THE

VILLAGE OF SAUGET

INTRODUCTION AND SCOPE

This report presents the results of our soils and

- foundation investigation performed at the site of the Proposed

Village of Sauget Waste Treatment Plant. The proposed
facilities will be an addition to an existing waste treatment
ﬁlant and pumping station located just south of the end of
Mobile Stre=t.
The purposes of our foundation investigation Qere
as follows:
1l - To determine the subsurface soil and
ground water conditions within the site
to the depths which will be significantly
affected by foundations. |
2 - To evaluate the effect of existing
ground water conditions, and projected
changes in the water level on the design
and construction of the proposed re-

tention ponds and grit chamber.

ODAMES £ MOORL:
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3 - To evaluate, by performance of laboratory

tests, the physical properties of the
various deposits and soil strata which
underlie the site that will influence
foundation design and construction.

To provide recommendations and data for

the design and installation of founda-

‘tions and the grit chamber. These data

and fecommendations will include founda-
tion type(s), bearing pféssures, the
elevation(s) at which foundations should

be éstablished, and estimated settlements.
Should pile foundations be required for
support of the lime silos, recommendations
will be provided.

To provide recommendat ons relative to the
design of the dikes and liner for the re-
tention ponds, including suitable construction
materials, and recommendations relative to
dewatering and cleaning of the ponds.

To perform an investigation for, laboratory
testing of, and engineering analyses of

suitable clay borrow material to be used as

a lining in the lagoons.
To provide recommendations relative to
earthwork operations which will be required

at the site including stripping, excavating,

DAMES £ Moonc
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dewatering, and the placement and compaction
of £fill material.
8 - To provide recommendations relative to any
unusual design or gonstruction techniques
which may be dictated by the subsurface
conditions at the site.
The results of our field explorations and laboratory
tests, which were used as the basis fdr our recommendations, are

presented ir the APPENDIX of this rejort.

PROPOSED CONSTRU:ZTION

We were provided with Drawing No. 3-1 entitled "Plot

Plan, Wastewater Treatment Systems, Village of Sauget, Illinois"

dated May 1C, 1972, prepared by Monsanto Enviro-Chem Systems, Inc.

Shown on this drawing was the planned layout of each cf the
proposed structures.

The proposed plant will include the construction
of the following new facilities:

1 - Storm Water Byrass Cla.cifier - This will be a

diked retention pond approximately 180 feet

by 290 feet in plan dimensions. The dike crest
will be established at about elevation* 413

and the bottom of the pond will be at about
elevation 400. This lagoon will be filled

to approximately elevation 410 with an acidic

solution having a pH of 1 or 2.

*All elevations presented in this report refer to U.S.G.S. Datum.

DAMES £ MmMOORE
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We understand the lagoon will remain full

at all times except when being cleaned.
Approximately once every four years the

lagoon will be cleaned utilizing conventional
construction equipment such as bulldozers, end

loaders, etc.

.Storm Water Storage Lagoon - This will also

be a diked retention pond and will have plan
dimensions of approximately 180 feet by 180

feet. The dike crest and pond bottom will be
éstablished at approximnately elevations 413

and 400, respectively. This lagoon will also

be filled .to about elevation 410 with an

acidic solution having a pH of 1 or 2. However,
the fluid level in this pond will fluctuate
daily from an essentially empty to full con-
dition. We understand the lagoon will always
contain fluid to a depth of at least one foot.
This lagoon will be clz2aned about once every year
by utilizing conventional construction equipmer.t.

Storage Lagoon Drain Line - The storage lagoon

drain line will be a fiber reinforced polyester.
pipe 20 inches in diameter and approximately

140 feet in length. This drain line will extend %
from the northwest corner of the storﬁ water .

i

storage lagoon to the eastern side of the |
|

existing pumping station. The drain line will range
|

OAMES £ MOORSE
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in clevation from 399 at the storage lagoon
to 395 at the pumping station.

Storm Water and Process Surge Line - This line

will consist'of a fiber reinforced polyester

pipe 48 inches in diameter and approximately

500 feet in length. The pipe Qill be established
at a depth of approximately one foot bel&w grade
and will extend from the existing pumping

station to a point between the twé lagoons. TlLe
pipe will be installed along the north side of
the existing and propcsed facilities.

Sludge Handling Facilities - The sludge

handling facilities will be housed in a
light weight superstructure. The'typé of
equipment which will be utilized in handling
the sludge will be comprised of two drum
type filters. Each filter will consist of a
semi-cylinder 12 feet in diameter and 18
feet in length. The cylinders will weigh

on the order of 9 tons each and will be
supported at each end by two legs which will
rest on rectangular concrete pads. Each
cylinder will contain approximately 10 tons
of sludge.

Grit Chamber - The grit chamber will be

approximately a 23-foot square concrete

basin established 10 to 12 feet below grade.

DAMES € MOOwuC
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The walls of the structure will extend to
about 3.5 feet above grade. The grit chamber
will be filled with water to about 1.5 feet
above graée at all times.

Surge Chamber - The surge chamber will be a

fiber reinforced polyester tank which will
have a 10,000 gallon capacity.

Lime Storage Silos - Each silo will be

approximately 16 feet in diameter, 30 to
40 feet in height and Qill store on the
order of 100 tons of lime. The silos will

be constructed side-by—side and supported on

a steel grating platform about 12 feet ébove
the ground surface. 2 lime slaker will also Le
supported on the platform directly below each
silo. Each slaker will weigh about two tons
and will be filled with a solution having a
specific gravity of 1.3. The slakers will

be 4 feet by 6 feet by 2 feet. The steel
platform will be supported by six columns.

A milk of lime storage tank wili be located
directly below the steel platform. This
tank will contain 3000 gallons

of fluid having a specific gravity of 1.3.

DACAES C MOONE.
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9 - Neutralization Chambers - Three neutralization

chambers, each approximately a 23-foot square
in plan dimensions, will be constructed ad-
jacent to each other in series. The chambers

will extend about 20 feet below grade and

~about 5 feet above grade. An overhead mixer

will be constructed above each chamber. The
chambers, which will be filled at essentially

all times, will contain water to a héight of

- one foot above grade. It may be necessary

10 -

11 -

to empty any one of the three chambers at any

time.

Scum Storage Tank - This tank will be located

adjacent to the south side of the existing
pumping station. The tank will be constructed
of fiberglass and will be approximately 12
feet in diameter and 10 to 12 feet in height.
It will contain about 10,000 gallons of a
fluid having a specific gravity of 0.85 and
will be supported at grade on a circular pad.

Flocculation Chambers -~ Two flocculation

chambers will be constructed adjacent to the
west end of each existing chemical clarifier.
The flocculation chambers will be appfoximately
20 feet by 30 feet in plan dimensions and will
extend to a depth of approximately 10 feet

below final grade. These chambers will be

' DAMES £ MOORL
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constructed of concrete and will contain
equipment weighing approximately 1000 pounds.
The water level within the chambers will be
at about élevation 410.

Rapid Mix Chambers - A rapid mix chamber,

approximately 8-foot square in plan
dimensions, will be constructed west of and
between each set.of flocculation chambers.
These chambers will also be constructed of
concrete and will extead to a depth of
approximately 6 feet below final grade.
Water will flow from the splitter box to
each of these chambers at about elevation
410. Each chamber will contain abkout 500
pounds of equipment.

Appurtenant Facilities - Appurtenant facilities

which will be constructed at the plant include:
(1) a splitter box and (2) an open concrete
trench. The splitter Dox and open concrete
trench will be established at about 2 feet
below grade. Water will flow through these

structures at approximately elevation 410.

Existing Chemical Clarifiers - There are
two existing chemical clarifiers (retention
ponds) with side slopes of 2.5 horizontal

to 1.0 vertical which will be redesigned to

DAMES £ MOORELE
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have vertical concrete walls. The concrete
walls will be supported by continuous wall
footings. The bottom concrete slab of the
clarifiers will be established at about 10
feet below grade. Existing wood piles will
support an overhead bridge and rake. The area
between the concrete walls and existing side

slopes will be backfilled with soil.

DAaMES £ MmOoonRe
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SITE CONDITIONS

' SURFACE CONDITIONS

The areas proposed for construction of the various
new facilities are located either within or adjacent to the
existing Village of Saugett Waste Treatment Plant. The Village
of Sauget, Illinois, is located‘séuthwést of East St. Louis,

Illinois, on the Mississippi River flood plain. The locatious

- of the propcsed and existing facilities are shown on Plate 1,

. Plot Plan.

The site is relatively level and primarily slopes

. gently downward from abdut elevation 409 at the western boundary

to about elrvation 405 at the eastern edge of the proposed storm
water bypass clarifier. The ground surface elevation rises to
approximately elevation 410 in a localized area directly west

of the existing chemical clarifiers. The existing chemical

" clarifiers have steeply diked slopes on the remaining three

sides which range in elevation from approximately 407 to 411.
The portions of the site located within the existing
plant and not presently occupied by existing structures or
facilities are either gravel covered, covered with grass and/or
weeds, or void of any vegetation. A fence presently encompasses
the existing plant site. The area adjacent to and north of the
existing plant site is presently being farmed and is covered

with wheat.

DAMES £ MOoOoOnNLr
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SUBSURFACE CONDITIONS

The subsurface conditions in the areas of the proposed

facilities were investigated by drilling nine exploration test

- borings at the locations shown on Plate 1. Detailed descriptions

of the subsurface conditions encountered at each test boring

é.location are presented on the Log of Borings in the APPENDIX of

ithis report.

The borings revealed that portions of the site are

w covered with fill ranging in depth f:rom 8.5 to 15 feet below the

‘existing ground surface. The £fill, consisting primarily of loose

- to medium dense gray and/or brown silty fine sand containing

occasional cinders and pieces of concrete, was encountered in

~ Borings 4, 5, 6, 8 and 9. The upper 15 feet of the femaining

portions of the site consists primarily of medium dense, browvn

silty fine sand and/or fine sand.

Several borings encountered one to three-foot thick

- layers of fine sandy silt and silty clay at depths between

* 8.5 and 19 f=et below the existing g:ound surface.

Belcw a depth of approximately 15 feet, the site is

primarily underlain by deposits of fine or fine to medium sand.

These sand deposits are generally medium dense to depths ranging

from approximately 25 to 35 feet below the existing ground surface.

|

!

The medium dense sand deposits are in turn underlain by

dense sand deposits which extend to depths of approximaéély

i
!
|
!

50 feet in Boring 5, 40 feet in Boring 9 and to the maximum depth -

penetrated by Boring 8 (61.5 feet).

Very dense sand deposits

were encountered at depths of about 40 feet and 50 feet in

Borings 9 and 5, respectively.

DAMES ©C MOORT.
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GROUND WATLR

An extensive study was made of the available literature

concerning past and recent ground water conditions in the vicinity

of the site. In addition, ground water levels were recorded at
the completion of each test boring and are shown on the Log of
Borings presented in the APPENDIX of this report. Observation
wells were installed in two of the borings and were monitored
for more than two weeks. Generally, the recorded ground water

levels indicated that the ground wat:r table varied from approxi-

The literature review reveialed that the plant site is

located within an area known locally as the "American Bottom."

' This area includes portions of.Madison, St. Clair and Monroe

_ Counties and extends along the valley lowlands of the Mississippi

River from the City of Alton south tc the Village of Dupo. It is
one of the most heavily populated and industrialized areas in

Illinois. The ground water resources of a sand and gravel

| acquifer underlying the area have been extensively developed.

Prior to the settlement of the East St. Louis area,
the ground witer table was very near the ground surface and
shallow lakes, ponds, swamps and poorly drained areas were wide-
spread. The general direction of movement of ground water was
west and south toward the Mississippi River and other streams and
lakes.' The estimated piezometric surface prior to heavy
industrial development (prior to the year 1900) sloped from about

elevation 420 near the bluffs at the edge of the "American Bottom"

DAMES £ MOoOonRr
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' to about elevation 400 near the Mississippi River and plant site.

The establishment and development of industrial

centers and the subsequent use of large quantities of ground

- water by industries and municipalities have lowered water levels

appreciably in the "American Bottom." Pumpage in the Sauget

- area increased considerably from less than 100,000 gallons per

. day in 1903 to 33.2 million gallons per day (mgd) in 1960.

"Pumpage growth was fairly uniform from 1903 to 1939, accelerated

~ sharply during World War II, and continued to climb with only

minor interruptions after World War iI. The ground water with-
drawals are for the most part from wells owned by less than 20
industries; the greatest use of water is by chemical.plants.
Since about 1962 to present, the Sauget area has
perienced a decline of pumpage quantities from 36.5 mgd in
1962 to 12.8 mgd in 1971, resulting in an apparent 33-foot
rise of the ground water table.
Recorded water level data for wells located in the
Monsanto area about three-quarters of a mile from the Mississippi
River have shown that large changes in the stage of the Miss:ssippi
River result in comparatively sméli changes in the water levels
in the wells. A rise of about 20 feet in the river stage results
in a rise on the order of 5 feét in the water levels in the wells.,
Based on the literature review, it is apparent that the
ground water levels in the vicinity of the plant site are highly

dependent on industrial pumpage'rates and mildly dependent on

! l
| the stage of the Mississippi River. In the event that essentially

!

" all industrial pumpage in the Sauget area would cease, it is

DAMES £ MMOO0RL
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estimated that the ground water table will rise to approximately
the same elevation at which it existed prior to industrialization

in 1900 (elevation 400). The Mississippi River is subject to

yearly floods which result in raising the ground water level about

' 5 feet in the vicinity of the plant site. It is therefore 3

.level would rise to about elevation :105.

conceivable that a condition may occur in which the ground water

FROST

The maximum depth of frost penetration in the

- vicinity of the site is on the order of three fecet.

4
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DISCUSSION AND RECOMMENDATIONS

GENERAL

It is recommended that the proposed facilities, with

the exception of the sludge handling facilities building and the

 drum type filters contained therein, be supported on mat-type

foundations. The sludge handling facilities building and the

drum type filters may be satisfactor:.ly supported utilizing

- spread foundations. The subgrade soils beneath all proposed

facilities should be prepared in the manner specified in the
SITE PREPARATION AND EARTHWORK section of this report.

Based on a review of the available literature per-

. taining to the past and recent ground water conditions which

existed in the Vicinity of the site, it is recommended, for

l'design purposes, that the potential future ground water level

" be considered capable of rising to elevation 405. During the

- course of our field investigation the present ground water level

i
I

I
n

I
I

I
t
l
|

[

i

t

at the site vas recorded at elevations generally ranging from
approximately 388 to 390. Since the bottom of the neutralization
chambers' base slab will be established at approximately
elevation 389, some dewatering operations during construction
will be required. It is anticipated that the required dewatering
can be accomplished by pumping from sumps and/or collector

ditches located throughout the bottom of the excavation.

DAMES £ MOOsL
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It is our opinion that cohesive (fine-grained) borrow
materials, suitable for purposes of constructing an impermeable
liner in the two lagoons, exist in the general vicinity of the
site. The actual type of material used and the required haul
distance are functions of the type and location of suitable
material available at the time of construction. During our
field investigation several bulk samples of potential borrow
materials were obtained. Two of these bulk samples were tesied
in our laboratory and the results of these tests are presentacd
in the APPEMDIX of this report. Recommendations regarding the
type of material to be used and fhe placement of that material
for purposes of constructing an impermeable lagoon liner are
Presented in the subsequent LAGOONS section of this report.

Our recommendations and results of engineering
analyses pertaining to allowable bearing pressures, estimated
settlements and the design of structures which extend below
grade are presented in subsequent se—ctions of thié report.
Recommendations pertaining to earthwork operations required to
prepare the site, attain planned grades and install foundaticns

are presented in the following section.

DAMES ©C MOORL
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SITE PREPARATION AND EARTHWORK

Site preparation and earthwork operations will consist

of stripping, excavating, dewatering, proof-rolling, and the

i

placement and compaction of fill materials. We recommend that all

earthwork operations be supervised by a qualified engineer.

Stripping - It is recommended that all topsoil and

- vegetation in the immediate vicinity of the proposed construction

be stripped from the site and wasted. It is estimated that the
average depth of stripping will be on the order of 12 inches.
Excavating - Excavations willl be required to construct
the two retention ponds, the grit chamber, the neutralization
chambers, the flocculation chambers and the rapid mix chambers;
to install foundations,-two pipelines, the concrete trench and
££e splitt=2r box; and to properly prepare the subgrade soils
beneath the silos and the scum storage tank. The depths of the

excavations will range from several feet to approximately 20

feet below the existing ground surface. The excavations required

to construct the two retention ponds should be cut on slopes

no steeper than 3.0 horizontal to 1.0 vertical. It is re-
commended that all temporary excavations less than 10 feet

in depth be cut on slopes no steeper than 1.0 horizontal to 1.0
vertical. Temporary excavations greater than 10 feet in depth .
should be cut on slopes ﬁo steeper than 2.0 horizontal to 1.0
vertical. -o-

It is recommended that the in-place fill soils under-
lying the mat-type foundations which will support the proposed
silos and other relative equipment and the proposed scum storage
tank.berverexcavated to a depth of one foot below the bottoms

oAMES £ MOORE
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of the proposed foundations and replaced with compacted
granular fill. The excavated fill soils may be reused for
general backfilling purposes provided that all cinders, pieces

of concrete and other miscellanecus debris are first removed.

Dewatering - It is anticipated that dewatering operations

will be required during construction of the neutralization
chambers. Since the bottom of the proposed base slab will be

established at approximately elevation 389 and the ground

_ water table is at approximately elevation 390, it is

our opinion that dewatering can be a-:xcomplished by pumping fiom
sumps and/or collector ditches established at various locations
throughout *he bottom of the excavation. It is recommended that
the ground water level be maintained at a minimum depth of two
feet below che bottom of the base slab prior to and during itis
construction. It is not anticipated that any other dewatering

operations will be required.

Proof-rolling - The bases of all excavations and stripped

surfaces should be proof-rolled prio:: to the placement of £filil

or pourihg of concrete to detect any localized disturbed are:cs

i
|
|
i
i
i
1

and to densify the underlying subgrade soils. Proof-rolling should

be performed by making a minimum of three passes with vibratory
compaction equipment capable of delivering a high amount of
energy. Any localized disturbed soils detected during proof-
rolling operations which cannot be readily compacted should be
removed and replaced with approved, compacted granular

£ill.

DAMES E MOORL

!
i
|
' -
!



-]19-

Filling - The placement and compaction of both granular
and cohesive fill will be required in the construction of the
lagoon dikes and liners. I£ is estimated that the peripheral
dikes will range in height from approximately 5 to 8 feet above
the existing ground surface. It is recommended that the on-site
soils excavated from within the proposed lagoon areas be used

as fill in construction of the dikes. ' 1

Tre granular fill should be placed in 1lifts not exceeding
eight inches in loose thickness and should be compacted to a |
minimum dry density of 90 percent of the maximum dry density
as determined in accordance with AASHO* Test Designation T-130.
It is recomaended that the compaction be achieved by utilizing
Vibrétory compaction equipment. _ ;

Subsequent to completion ¢f the proof-rolling operations
and construction of the peripheral dikes, a cohesive liner will
be placed over the bottoms and entire interior side slopes of
both lagoons. The cohesive liner should consist of an approed
impermeable material resistant to acidic solutions having a pH |

on the order of 1 to 2. It is recommended that the cohesive liner
1

|
be a minimum of 15 inches thick. |

The cohesive f£ill should be placed at a moisture content

within two to six percent on the wet side of the optimum moisture
l

*American Association of State Highway Officials

DAMES & MOONc:
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content and in lifts not exceeding six inches in loose thickness.
Each 1lift should be coméacted to a minimum dry density of 90
percent of the maximum dry density as determined in accordance
with AASHO Test Designation T-180. Some drying ofAthe imported
cohesive material may be required prior to compaction. The
placemeht, drying and compaction of cohesive fill cannot be !
achieved during periods of wet or'freeéing weather. Compaction
should be achieved by ﬁtilizing eith:r sheepsfoot rollers or
heavy pneumatic-tired compaction equ.pment. Subsequent to
attaining the required degree of com)action, each 1lift should be
scarified. The surface of the top layer should be sealed. S
It is recommeﬁded that an additional one foot thick
layer of grunular soils be placed and compacted over the impermeable
cohesive liner for protection against damage which may occur
during cleaning operations. The granular pad would serve as a
working surface for the construction equipment utilized during

cleaning. This additional one foot thick layer would also be

cohesive liner would be exposed to the elements. Therefore, the
amount of cracking, which is a function of the shrink-swell
characteristics of the cohesive material used,should be minimal.

Backfilling - Backfilling will be required adjacent

to substructure walls, over foundations and pipelines, ahd in the:
over-excavated areas beneath the proposed silos and scum storage

tank. Bachfill placed outside of the exterior

DAMES © MOONs:
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substructure walls of the neutralization chambers, the flocculation
chambers, the rapid mix chambers, the existing chemical clarifiers
and the grit chamber, and over the two pipelines, may consist of
on-site, excavated natural or £ill soils. If excavated £fill soils
are used, they should be free of cinders, pieces of concrete and

any other miscellaneous debris. Backfill used to raise the subgrade
level in the over-excavated areas up to the bottoms of.proposed

foundations and over spread foundations should consist of clean

granular material such as on site, excavated sand or sand ani

gravel. It is anticipated that the material which will be excavated

from below a depth of approximately 10 feet during construction of
the neutralization chambers will be suitable for this purpose.
Backfill material which is not intended to provide any
structural support, and that which Is placed outsidé of exterior
substructure walls, over spread foundations and over the two
pipelines may be placed in lifts up to eight inches in loosec
thickness. Each lift should be compacted to a minimum dry d=nsity
of 90 percent of the maximum dry density as determined in
accordance vith AASHO Test Designation T-180. Backfill material
placed fof the purpose of raising the subgrade level in the
over-excavated areas and in any other areas intended to supporf
structural loads should be placed in lifts not exceeding six
inches-in loose thickness. Each 1lift should be compacted to a
minimum dry density of 100 percent of the maximum dry density as :
determined in accordance with AASHO Test Designation T-180.
It is recommended that all backfill material be compacted by

utilizing vibratory compaction equipment.

DAMES £ MOORC
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FOUNDATIONS

Design Data - It is our opinion that the propoSed

lime storage silos, scum storage tank, grit chamber, surge chamber,

. neutralization chambers’, flocculation chambers and rapid mix

chambers may be satisfactorily supported on mat-type foundations

founded on subgrade soils consisting of either natural, in-place

soils or well compacted fill. The columns of the sludge handling

facilities building and the drum type filters contained within
the buildinc¢ may be supported on spread foundations establisaed
in the natural soils. All foundaticns should have a minimum

plant dimension of 18 inches and should be established at a

minimum depth of three feet below thz lowest adjacent final gréde,

Provided the foundations are designed acknowledging
the above limitations and are installed in acccrdance with the
recommendations presented in the following section, the
foundations may be proportioned utilizing an allowable bearing
'pressure of up to 2,000 pounds per sjuare foot. This bearing
pressure refers to the total design loads, dead and live, and

is a net pressure. Therefore, the w2ight of the concrete in

the foundations and the weight of the backfill over the foundatioﬁs

may be ignored in proportioning the foundations.

Installation - The proposed structures are located

in areas underlain by either loose, in-place £ill or medium

dense natural soils. Accordingly, recommendations regarding

the preparation of subgrade soils for foundations established in

DAMCS & MOORL
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both of these types of material have been provided in the
previous SITE PREPARATION AND EARTHWORK section of this report.

Settlement - Provided that the foundations are de-

signed and installed in accordance with the above recommenda-
tions, it is estimated that the proposed structures will

i undergo settlements on the order of one-half inch or less.

It is anticipated that essentially all of the estimated

. settlement will occur during the init:ial application of the Jloads.

DAMES C MOORUT
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HYDROSTATIC UPLIFT FORCES

Based on information obtained from our review of
available literature pertaining to past and recent ground water

conditions which existed in the vicinity of the site, it is

g recommended that hydrostatic uplift forces be considered in the

design of all structures which will extend below elevation 405.
Elevation 405 is the estimated maximum ground water level which
may occur at the site in the future.

The hydrostatic uplift for-es acting on the base

slabs of the grit chamber, the neutralization chambers, the

flocculation chambers, the rapid mix chambers, and the exist-
ing chemical clarifiers may be resisted by the dead weight

of the structure, the weight of the fluid contained in the

- structure and by frictional forces acting on the sides of the

structure. The frictional resistance developed from adjacent

backfill may be computed by considering the granular backfill
to act as an equivalent fluid with a density of 40 pounds per
cubic foot above the ground water level and 20 pounds per cubic

foot below the ground water level, and by utilizing a coeffi-

¢ cient of friction equal to 0.30 between the concrete walls and

granular backfill. The use of the above recommended values

v will provide a factor of safety on the order of 1.0. It is

recommended that a factor of safety be chosen which.is compatible -
with the structural and functional considerations of the proposed

facilities.

DAMES £ MOORT
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The hydrostatic uplift forces aéting on the base of
the impermeable cohesive liner in the two lagoons will be
resisted by the sheariné strength of the material used as the
liner and by the weight of the fluid contained in the lagoons.
It is strongly recommended that the water level in the lagoons
be maintained at or above the ground water level outside of
the lagoons at all times. Safety valves installed in the baie

of the lagocns would serve as a precautionary measure agains:

potential "klow out" type failures and are recommended.

LATERAL PRESSURES

All substructure walls shculd be designed to resist
lateral pressures induced by either soil or soil and ground
water depending on whether or not they extend below elevation 405:
It is recomrasnded that the lateral pressures acting on the walls
be computed by considering the adjacent compacted granular back-
fill above the design grouhd water level to act as an equivalent
fluid with a density of 65 pounds per cubic foot. Below the i
design ground water level, the backfill and water should be
considered to act as an equivalent fluid with a density of
95 pounds per cubic foot. The above recommendations pertain

to a rigid wall restraint condition and assume that the backfill

material will be placed and compacted in accordance with the i
procedures specified in the SITE PREPARATION AND EARTHWORK -

Backfilling section of this report.

DAMES £ MOORT.
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Due to the effect of lateral pressures resulting from
surcharge pressures, it is recommended that the proposed scum
storage tank be located at a minimum lateral distance of one
foundation diameter from the existing pumping station walls.
The above recommendation may be ignored if it is known that the
substructure walls of the existing pumping station havé been
adequately Jesigned and construéted to resist such lateral

pressures.

OBSERVATION WELLS

It is recommended that twc permanent observation wells
be installed for the pufpose of monitoring the ground water level
witﬁin the site. The wells should extend to approximately
elevation 275. It is suggested that one of the wells be located
in the general vicinity of the propcsed neutralization chambers
and that the other well be located near the east side of the
proposed storm water bypass clarifier, thereby providing gooil
coverage across the site.

The ground water level should be monitored prior to
and during the removal of fluid from any structure or facility
which extends below elevation 405. By monitoring the ground
water level an additionai margin of safety is provided against
possible "blow out" type failures occurring due to the develop-

ment of excessive hydrostatic pressures. !

DAMES ©C MOOR
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LAGOONS

Earthwork operations consisting of stripping, excavating,

proof-rolling and the placement and compaction of both granular
and cohesive £ill will be reguired in the construction 6f the
lagoon dikes and liners. ’i£ is estimated that the peripheral
dikes Qill range in height from approximately 5 to 8 feet above
the existin¢ ground surface. All earthwork operations should be
performed in accordance with the procedures specified in the
previous SITE PREPARATION AND EARTHWORK section of this report.
During our field investigation, several bulk samples
of potential cohesive borrow materials were obtained from within
the general vicinity of the site. Extensive laboratory tests
were performed on two of the bulk samples. Descriptions of the
two types of materials tested are: (1) reddish brown silty clay
with a trace of sand and fine gravel and (2) gray silty clay.

The results of the laboratory tests performed indicate that:

1 - the two types of materials have similar
permeability characteristics,

2 - the gray soil has a much higher in-place
field moisture content,

3 - the gray soil has a lower remolded
maximum dry density,

4 - the gray soil is much more plastic, and

5 - the gray soil exhibited much higher

potential shrink-swell characteristics.
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Based on the results of the laboratory tests performed
on the two soils considered to be representative of the types of
potential borrow materials available in the general vicinity
of the site, it is recommended that a material having physical
properties similar to those exhibited by the reddish brown
silty clay be used to construct the impermeable liners for the
lagoons.

Seepage studies were performed for both proposed
lagoons based on the results of the laboratory pgrmeability
tests and on the recommendations presented in the SITE PREPARA-~
TION AND EAKRTHWORK ~ Filling section of this report. It is
estimated ttat the seepage losses in the proposed storm water
storage lagoon and storm water bypass clarifier will be less
than 15 cubic feet per day and 40 cubic fcet per day, respec-
tively. The above estimates represent seepage- losses occurring
each day which are less than 0.02 percent of the total volume

of each resgective lagoon.' If the above estimated seepage

- losses are not satisfactory, it is suggested that the thickness

of the impermeable liner be increased in proportion to the

desired reduction of seepvage losses.

PIPELINES AND APPURTENANT FACILITIES

The earthwork operations required to install the
proposed pipelines and to construct the open concrete trench

and splitter box should be performed in the manner specified

DAMES £ MOOREK
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in the SITE PREPARATION AND EARTHWORK section of this report.
Provided the recommendations presented in this report are
followed, it is estimated that the above facilities will undergo
negligible settlements.

~-=000--

The following PLATE and APPENDIX are attached and

complete this report.

PLATE 1 =~ PLOT PLAN

APPENDIX - FIELD EXPLORATIONS AND LABOﬁATORX TESTS

Respectfully submitted,

DAMES & MOORE

James B, Thompson
Partner
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APPENDIX

FIELD EXPLORATIONS AND LABORATORY TESTS

FIELD EXPLORATIONS

Test Borings - The subsurface conditions at the site

of the proposed construction were investigated by drilling nine
exploration test borings to depths ranging from 21.5 feet to
61.5 feet below the existing ground surface. The test borings
were drillec utilizing truck—moﬁnted auger and rotary-wash type
drilling equipment. |

Tl.e field operations were supervised by one of our
engineers, wvho classified the soil and £ill encountered in the
borings, maintained a log of the borings, and obtained undis-
turbed and disturbed soil samples of the strata encountered in
the borings for visual examination and laboratory testiﬁg.

Graphical representations of the soils penetrated by the borings

are presented on Plates A-1A through A-1F, Log of Borings. “he

method utilized in classifying the soils is defined on Plate A-2,

Unified Soil Classification System. Undisturbed samples of ihe
various soil strata penetrated by the borings were obtained in
a soil sampler of the type illustrated on Plate A-3, Soil

Sampler Type U. Disturbed soil samples were obtained in a two-

inch O0.D. split spoon sampler.

The boring locations were staked in the field by our
engineer. The ground surface elevation and surveyed location

of each boring were later determined and provided to us by the
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Myers, Keller and Byers Company of St. Louis, Missouri. The
ground surface elevations are precsented above the log of each
boring and refer to U.S.G.S. Datum.

Observation wells consisting of one-inch I.D. PVC
pipe were installed in two of the borings. Holes were drilled
in the bottom five feet of pipe prior to installation. The

borings were flushed with clear water and backfilled to the

| ground surface with granular material after the pipe was in-

stalled. The ground water levelS'in.the two observation wells
were monitored for a period of more than two weeks after instal-
lation and the stabilized water levels are presented on the

Log of Borir.gs. Ground water levels were also recorded after
the completion of each of the remaining borings and are pre-
sented on the Log of Borings.

Borrow Material Investigation - A field investigation

for clay borrow material was performad in the general vicinity

of the site by our engineer. Several earthwork contractors and

"private individuals were contacted in our search for clay borrow

material suitable for use as a lining in the lagoons. Bulk
samples of the various types of material found were obtained
and returned to our office for visual inspection and laboratory
testing.

The two bulk samples Subjected to laboratory testing

are considered representative of the types of cohesive borrow
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material available in the general vicinity of the site. The
reddish brown silty clay sample was provided by Mr. Tom Baughman
of Earthmoving, Inc., St. Louis, Missouri. This bulk sample was
obtained from an area located about three miles south of Inter-

state Route 244 and just west of Interstate Route 53 near St.

. Louis. Mr. Baughman indicated that this type of material was

available in this general area near St. Louis and that the cost

" of the mate:ial delivered to the site would be on the order of

$2.50 to $3.00 per cubic yard. The above estimate was based on
a haul distance of approximately 20 to 25 miles and assumes that
no local lahor problems Qill exist at the time when the material
is reguired. The gray silty clay sample was obtained from the
private recsidence of Bill Courtney Farms, 8251 Bunkum Road,

Caseyville, Illinois.

LABORATORY TESTS

trength Tests - Direct shear tests were performed

on selected granular soil samples to determine the strength
characteristics of the various soil strata penetrated by the
borings. The tests were performed in the manner described on
Plate A-4, Method of Performing Direct Shear and Friction Tests.
Load-versus-deflection cuives were plotted for each strength
test performed and the shearing strengths of the soiis were
determined from these curves. The shearing strengths presented

are the peak shearing strengths obtained. Strength test results

DAMCS £ r400RE



‘ test. Additional moisture-density tests were made for correlatiod

© purposes. The results of all moisture-density determinations are

A-4

are shown to the left of the Log of Borings in the manner

described by the Key to Test Data shown on Plate A-2.

Moisture-Density Tests - Determinations of the moisture

content and dry density were made in conjunction with each strength

| presented to the left of the Ldg of Borings in the manner

described by the Key to Test Data shown on Plate A-2.

Atterberg Limits Tests - Atterberg limits tests we:re

performed on two of the bulk soil samples obtained in the clay

borrow material investigation. The Atterberg limits, consisting

of the liquid limit and plastic limit, and the resulting plasticity

index were determined to facilitate classification of the scils
according tc the Unified Soil Classification System. The results

of the Atterberg limits tests are presented below:

FIELD
MOISTURE LIQUID PLASTIC PLASTICITY
© SOIL CONTENT LIMIT LIMIT INDEX
SOIL DESCRIPTION TYPE (%) (%) (%) (%)

! Reddish brown silty CL 22.5 49.0 19.9 29.1

clay with a trace

of sand and fine

gravel

Gray silty clay CH 43.4 94.5 31.4 63.1

Particle Size Distribution - The particle size

distribution was determined for two of the bulk soil samples

DAMES £ MOORL
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obtained in the clay borrow material investigation for classi-
fication purposes. Results of the analyses are presented on
Plates A-5A and A-5B, Particle Size Distribution.

Permeability Tests - Falling head and constant head

type permeability tests were performed on representative un-
disturbed soil samples extracted from the test borings and on
remolded sanples of soil obtained in the clay borrow material
investigaticn for purposes of estimating seepage losses in the
lagoons.

The results of the constant head type permeability

tests performed on the undisturbed samples extracted from the

" borings are presented below:

AVERAGE
COEFFICILNT OF
FIELD FIELD PERMEABILITY
MOISTURE DRY AT 20°cC
BORING DEETH SOIL CONTENT DENSITY K
NUMBER  (FFET) TYPE (3) (PCF) (cm/sec)
1 e SP 5.4 98.2 6.8 x 10°4
3 3 sM 14.7 39.5 8.5 x 10~4

The results of the falling head type permeability tests
performed on the remolded samples of soils obtained in the clay

borrow material investigation are presented below: .

DAMES £ MOORL




AVERAGE
REMOLDED DATA COEFFICIENT OF
PERMEABILITY
DRY  PERCENT MOISTURE* AT 200C
SOIL DENSITY OF CONTENT K
SOIL DESCRIPTION TYPE (PCF) COIMPACTION (%) (cm/sec)
Reddish brown silty CL  99.9 89.2 20 1.7 x 1077
© clay with a trace
of sand and fine
gravel i
Reddish brown silty CL  99.7 °  89.0 20 6.5 x 1078
clay with a trace
of sand and fine . !
gravel '
Gray silty clay CH 95.2 91.6 23 2.4 x 10”8
" Gray silty clay CH 93.0 89.5 23 4.4 x 1078

Compaction Tests -~ Compaction tests were performed on |

' two represeatative samples of potential clay borrow materials.
The compaction tests were performed in accordance with AASHO

Test Designation T-180. This method of compaction is described
on Plate A-¢, Method of Performing Compaction Tests (Standard

and lodified AASHO Methods). The results of the compaction ‘:ests
are presented on Plate A-7, Compaction Test Data.

I Shrink-Swell Tests -~ The shrink-swell characteristics

” of two representative samples of potential clay borrow materials

t

" were evaluated by testing samples compacted to given dry densi-
i ties and moisture contents. The samples were placed in_a loading!
! [
, frame under a surcharge pressure of 50 pounds per square foot

i and allowed to air dry for four days. The samples were then

li *Moisture content at compaction prior to being tested.
f '

I}

]
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saturated and allowed to swell until all noticeable swelling
ceased. The samples were then again air dried. The volumetric
shrinkage was computed by dividing the total volume change by
the volume obtained after final air drying of the sample. The

| results of the shrink-swell tests are presented below:

REMOLDED DATA

MOISTURE CONTENT .

DRY PERCENT MOISTURE AXIAL VOLUMETRIC AFTER FPINAL '
: DEJSITY o CONTENT* SWELL SHRINXAGE AIR_DRY NG

SOIL DESCRIPTION _l?CF) COMPACTION (%) (%) (%) (%)
Reddish brown 93.1 88.5 21.4 3.1 14.0 12.3
silty clay with ;
trace of sand and l
fine gravel |
Reddish brown 101.1 90.2. 19.8 3.1 ©l4.2 ) 12.6 i
silty clay with ;
trace of sand and ’
fine gravel |
Gray silty clay  93.2 89.6 22.7  16.0 34.9 6.9 i
Gray silty clay  92.5 89.0 23.6  16.8 36.3 7.3

1)

.

Swell Pressure Tests -~ Swell pressure tests were per- ‘

 formed on two representative samples of potential clay borrowv

| materials to evaluate their swelling characteristics. The tasts
| were performed on samples remolded to designated dry densities ’
| and moisture contents. The samples were placed in consolidometers :
” and saturated. Sufficient lcads were applied at required intervalé
to prevent the samples from undergoing axial swelling. The |

i

_ S !

“ results of the swell pressure tests are presented below: i
|

I

" *Moisture content at compaction prior to being tested.
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SOIL DESCRIPTION

i

A-8

REMOLDED DATA

Reddish brown si
clay with a trac

| of sand and fine

gravel

Gray silty clay

DRY ILnCLny AOIEYURE MAXIMUM
DENSITY OF CONTENT SWELL PRESSURE
(PCF) COMPACTION (%) (PSF)
1ty 99.8 89.0 20 1200
c
94.0 90.5 23 6000
-=000--

The following Plates are attached and complete this

Iy
! Appendix:

Plate
- Piate
Plate
Plate
Plate
Plate
Plate
Plate

Plate

Plate
Plate

Plate

Plate

A-1A
A-1B
A-1C
A-1D
A-1E
A-1lF

A-2

A-5A
A-~5B

A-6

A-7

Log of Borings
Log of Borings
Log of Borings
Log of Borings
Log of Borings

Log of Borings

(Borings 1 and 2)
(Borings 3 and 4)
(Boring 5)
(Borings 6 and 7)
(Boring 8)

(Boring 9)

Unified Soil Classification System

Soil Sampler Type U

Method of Performing Direct Shear
and Friction Tests

Particle Size Distribution

Particle Size Distribution

Method of Performing Compaction Tests
(Standard and Modified AASHO Methods)

Compaction Test Data
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INDICATES A DAMES & MOORE UNDISTURBED
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FIGURES UNDER THE BLOW COUNT COLUMN

AT OEPTH OF 19.5 F
ON 6-7-72

INOICATE THE NUMBER OF BLOWS REQUIRED
wmomwe e owes'e oot et LLOG OF BORINGS

OF ONE FOOT WITH A 355 POUND WEIGHT
FALLING 24 [INCHES,

INDICATES A STANDARD PENETRATION TEST,
FIGURES UNDER THE 8LOW COUNT COLUMN
INDICATE THE NUMBER OF BLOWS REQUIRED
TO ORIVE A SPLIT SPOON SAMPLER HAVING
AN OUTSIDE DIAMETER OF 2.0 INCHES
THROUGH A DISTANCE OF ONE FOOT WITH

A 140 POUND WEIGHT FALLING 3O INCHES.
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]
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271 "
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LOG OF BORINGS
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OBSERVATION WELL INSTALLATION:
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INCH IN DIAMETER WERE DRILLED

IN THE 80TTOM FIVE FEET CF PIPE,
THE BORING WAS FLUSHED WITH CLEAR
WATER AND BACKFILLED wITH GRANULAR
MATERIAL TO THE GROUND SURFACE.

PLATE A-IC




REVIMONs

166e —CQR

£

DATE.

DEPTH IN FEET

DEPTH IN FEET

g BORING 6
§ "3 SURFACE ELEVATION 410.5
M ~
SHEARING STRENGTH IN LBS./SCFT g 3
~
6000 5000 4000 3000 2000 [00? O & srwsos DESCRIPTIONS
c i o 1SM ‘BR°h¥sg?6?fAy SILTY FINE SAND wiTH RCCTS-
" 3%-9C 7. DARK BROWN SILTY FINE SAND-FILL
GRADING WiTH LAYERS OF BROWN FINE
i SAND WITH SILT
sgf.
d ] sm
it GRADING WITH LAYERS OF CLAYEY SILT
156%-93 28}
10 1A% END OF FILL
) 3@ ML-GL| PARK BROWN FINE SANDY SILT AND SILTY CLAY
BROWN FINE SANO WiTH OCCAS IONAL LAYERS OF
OARK BROWN FINE SANG WITH SOME SILT
15
GRAY AND BROWN S{LTY CLAY WiTH OCCASIONAL
7 CcL SEAMS OF SILT AND FINE SAND
20 " GRAY ISH-BROWN FINE TO MEDIUM SAND
32.3%-89 (Y ]
25 SP OCCASIONAL LAYERS OF OARK GRAY FINE
iTa T0 MEDIUM SAND
0
287% 94
BORING COMPLETED AT 31.§ FieT
ON 6-6-72
35 CRoSND Smi“’s
L R
GROUND WATER LEVEL RECORDED
ON 6-6- 72
£ BORING 7
§n SURFACE ELEVATION 408.9
pr
SHEARING STRENGTH IN LES./SC.FT g £
R
6000 L2000 4000 3000 2000 /1000 O S« sywsoLs DESCRIPTIONS
o T LSM f BROAYISHSGRAY SILTY FINE SAND WiTn RIGTS-
9.3%-9€ M_| grown S 10TV £ INE SAND
BROWN FINE SAND
5 SP
1988-138%, 817 r——"x GRADING WITH SOME SINT
| \ ML [ 53%w% FINE SANDY SILT WiTH (LAY
10 — e 3°CWN SILTY FINE SAND
83(:.=] SM
i ML
34 5% 82 2. BROWN FINE SANO
/5
7a
SP
20 GRADING WiTH TRACE OF SILT
e
25 GRAY ISH-BROWN SILTY FINE SAND WITH GCCA-
aabr STONAL SEAMS OF CLAYEY SILT
o] SM
£y
LAYER OF GRAY SILTY CLAY
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METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE
THE SHEARING STRENGTHS OF SOILS. FRICTION TESTS
ARE PERFORMED TO DETERMINE THE FRICTIONAL RE-
SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE-
RIALS SUCH AS WOOD, STEEL, OR CONCRETE. THE TESTS
ARE PERFORMED IN THE LABORATORY TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

EACH SAMPLE 1S TESTED WITHIN THREE BRASS RIMGS,

DIRECT SHEAR TESTING
& RECORDING APPARATUS

TWO AND ONE-HALF INCHES IN DIAMETER AND ONE IVCH
IN LENGTH. IUNDISTURBED SAMPLES OF IN-PLACE SOILS
ARE TESTEL IN RINGS TAKEN FROM THE SAMPLING
DEVICE IN WHICH THE SAMPLES WERE OBTAINED. L.OOSE SAMPLES OF SOILS TO BE USEL IN CON-
STRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED.

DIRECT SHEAR TESTS

A THREE-INCH LENGTH OF THE SAMPLE IS TESTEC IN DIRECT DOUBLE SHEAR. A CONSTANT PRES-
SURE, APPRCPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST IS BEING PER-
FORMED, IS APPLIED NORMAL TO THE ENDS OF THE SAMPLE THROUGH POROUS STONES. A SHEARING
FAILURE OF THE SAMPLE IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR
TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMEMT OF THE OUTER RINGS IS PREVENTED.

THE SHEARING FAILURE MAY BE ACCOMPLISHED EY APPLYING TO THE CENTER RING EITHER A
CONSTANT RATE OF LOAD, A CONSTANT RATE OF LEFLECTION, OR INCREMENTS OF LOAD OR DE-
FLECTION. IN EACH CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND
TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. THE SHEARING STRENGTH OF THE SOIL
IS DETERMINED FROM THE RESULTING LOAD-DEFLECTION CURVES.

FricTioN TESTS

IN ORDER TO DETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOIL AND THE SURFACES OF VARIOUS
MATERIALS, THE CENTER RING OF SOIL IN THE DIRECT SHEAR TEST IS REPLACED BY A DISK OF THE
MATERIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE DIRECT
SHEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES.

DAMES & MOORSE
APPLIED ZARTH SCIENCES
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METHOD OF PERFORMING COMPACTION TESTS
(STANDARD AND MODIFIED A.A.S.H.O. METHODS)

IT HAS BEEN ESTABLISHED THAT
WHEN COMPACTING EFFORT IS HELD
CONSTANT, THE DENSITY OF A
ROLLED EARTH FILL INCREASES
WITH ADDED MOISTURE UNTIL A
MAXIMUM DRY DENSITY IS OBTAINED
AT A MOISTURE CONTENT TERMED
THE “OPTIMUM MOISTURE CON-
TENT,"” AFTER WHICH THE DRY )
DENSITY DECREASES. THE COM- G
PACTION CURVE SHOWING THE RE-
LATIONSHIP BETWEEN DENSITY AND
MOISTURE CONTZNT FOR A SPECIFIC
COMPACTING J.FFORT IS DETER-
MINED BY EXPERIMENTAL METHODS.
TWO COMMONLY USED METHODS ARE
DESCRIBED IN THE FOLLOWING
PARAGRAPHS.

FOR THE **STANDARD A.A.S.H.O.”
(AS.T.M. DG98-58T & A.AS.H.O.

T99-57) METHO OF COMPACTION A 1
PORTION OF THE SOIL SAMPLE l
PASSING THE »O. 4 SIEVE IS COM-

PACTED AT A SPECIFIC MOISTURE
CONTENT IN TEREE EQUAL LAYERS
IN A STANDARD COMPACTION CY-

: SOME APPAKATUS FOR PERFORMING COMPACTION TESTS
LINDER HAVINC A VOLUME OF 1/30 . .

. ) Shows, from ieft to right, 5-1/2 pound rammer (sleeve
cusiC FOOTI' JSING T“ENTY'FIVF controlling 12" height of drop removed), 1/30 cubic-
12-INCH BLOWS ('F A STANDARD 5-1/2 foot cylinder with removable collar and base olate,
POUND RAMMER TO COMPACT EACH and 10 pound rammer within sleeve,

LAYER.

IN THE *'MODIFIED A.A.S.H.O0.”" (A.S.T.M. D-1557-58T & A.A.S.H.O. T 180-57) METHOD OF COMPACTION
A PORTION OF THE SOIL SAMPLE PASSING THE NO. 4 SIEVE IS COMPACTED AT A SPECIFIC MOISTURE
CONTENT IN FIVE EQUAL LAYERS IN A STANDARD COMPACTION CYLINDER HAVING A VOLUME OF
1/30 CUBIC FOOT, USING TWENTY-FIVE 18-INCH BLOWS OF A 10-POUND RAMMER TO COMPACT EACH
LAYER. SEVERAL VARIATIONS OF THESE COMPACTION TESTING METHODS ARE OFTEN USED AND
THESE ARE DESCRIBED IN A.A.S.H.O. & A.S.T.M. SPECIFICATIONS.

FOR BOTH METHODS, THE WET DENSITY OF THE COMPACTED SAMPLE IS DETERMINED BY WEIGHING
THE KNOWN VOLUME OF SOIL; THE MOISTURE CONTENT, BY MEASURING THE 1.0SS OF WEIGHT OF A
PORTION OF THE SAMPLE WHEN OVEN DRIED; AND THE DRY DENSITY, BY COMPUTING IT FROM THE
WET DENSITY AND MOISTURE CONTENT. A SERIES OF SUCH COMPACTIONS IS PERFORMED AT IN-
CREASING MOISTURE CONTENTS UNTIL A SUFFICIENT NUMBER OF POINTS DEFINING THE MOISTURE-
DENSITY RELATIONSHIP HAVE BEEN OBTAINED TO PERMIT THE PLOTTING OF THE COMPACTION
CURVE. THE MAXIMUM DRY DENSITY AND OPTIMUM MOISTURE CONTENT FOR THE PARTICULAR COM-
PACTING EFFORT ARE DETERMINED FROM THE COMPACTION CURVE,

DAMSES 8 mooRras
APPLIED EARTH SCIENCES
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TABLE 2

RECOMMENDED UNIT OPERATIONS

Trash Screens : _
Use existing screens - repairs necessary
Type - Vertical wooden bars

Number of Screens - 3

Openings - 2 inches

"Type of Trash - Agglome#ated rubber and residue,

wood, rags, hoses
Volune of Trash - 10 cubic fe2t/day, maximum

" Trasl. removal - Mechanical, manually activated

Trast. disposal - Landfill

Pumpiﬁg Station

Use existing station - modifications and repairs
. necessary '
Capacity to pump to treatmwen' plant -
maximum - 11.5 MGD, 8050 gpm, 18 cfs
average - 8.75 MNGD, €120 gpm, 13.7 cfs
Capacity to pump to storage “agoon or storm water
clarifier
maximum - 71 MGD, 49,600 gpm, 110.5 cfs

Storm Water Storaze Ladccn

Desicn Capacity: 800,000 gallons Storm
300,000 gallons Peaks
1,100,000 gallons Total

Operating (Design): Water Depth 10 feet
wWidth 141 feet) (mean dimensions)

Length= 160 feet)

Freeboard 3 feet

Embankment Slopes: Interior: 3 horizontal to 1 vertical
' Exterior: 3 horizontal tao 1l vertical

Embankment Thickness: 8 feet at top, minimum

-22-



Embankment Height: 13 feet from bottom of lagoon

Top Interior Dimensions: Length 178 feet
width = 159 feet

I

Bottom Interior Dimensions: Length 100 feet
width = 81 feet

Total Basin Volume = 223,000 cubic feet

Liner: Impervious to water

Solids Removal: Front-end-loading bulldozer to
landfill

Esti:i;ated Yearly Volume Processed: 66,000,000 gallons
Estiliated Yearly Solids Retention: 1,330,000 gallons

Freqiency of Cleaning: 4 tires/year to maintain
75% coerating capacity

Inlet: Baffled

Ooutlet: Float controlled with flexible arm;
' "Stop" mechanism to vrevent sludge draw-off

Storm Water Clarifier

Purpose: To provide primary clarification to storm
waters in excess of treatment plant
design flow after storage of "First Flush"

Design Overflow Rate: 2000 gal./ft.z—day, maximum

Weir Overflow Rate: 15,000 gal/lin.ft.-day, maximum

-23-



Design Flow Rate: 71.5 MGD, maximum
Surface Area (Wbrkiné): 35,750 square feet
Working Depth: 12 feet

Freeboard: 3 feet

Embankment Slopes: Interior: 3 horizontal to 1 vertical
"3 horizontal to 1 vertical

Embankment Thickness: 8 feet at top, minimum
Embankment Height: -15 feet from clarifier bottom
Tota® Basin Volume: 566,000 cubic feet

Basin Working Volume: 308,000 cubic feet

Line:s: Impervious to water (ground water relief

valves reguired to prevent damage to liner
when drained.)

Scum Removal: Manually tiltaole trough with drain
to sump pump t5> central scum handling
facility.

Estimated Average Volume

Processed: 40,000,000 gal./y=ar

90,000,000 gal./year

Total Clarifier Working Volume = 2,300,000 gallons
(308,000 cubic feet)

Influent Suspended Solids = 100 mg/l average
Estim. % Solids Removal = 70%
Underflow Suspended Solids = 8%

Vol. Suspended Solids Retention = 40,000 gal/year aver. -
90,000 gal/year maximum

-24-



Demucking Frequency = One every 72 months
(to maintain ~75% or more

working capacity)

Grit Chamber

Type - rectangular
Number of Chambers - 2
Design Flow - 11.5 MGD
Design Flow Velocity - 1 foot/second
Grit Characteristics
10 - 94% organics
Settling rate 4 feet, minimum
Specific gravity average ~1.5-2.0
Overflow rate 42,800 gallons/day/feet?
Flow Control - Parshall Flume
Volune of Grit -
Maximum - 520 cubic feet/day
*  Average - 260 cubic feet/day
Grit Removal - mechanical - continuous
Grit Disposal - landfill
Dimensions - single chamber 56 feet x 5 feet 4 inches
Detention Time
Working - 37 seconds
Total ~ 56 seconds
Volume - 333 cubic feet, each . .
Total Area Requirements: 90 Zeet x 10 feet (including
inlet and outlet) '

Neutralization

A. Chambers
Number required - 2
Shape - cubicle
Detention Time - 10 minutes at design flow
(11.5 MGD)
Working Volume - 4,050 feet3 (30,300 gallons)
Interior Working Dimensions - 16 feet x 16 feet x
16 feet e
Approximate Exterior Dimensions - 18.5 feet x 18.5 feet
x 18.5 feet '
Baffles - baffles to prevent vortexing and influent
short circuiting

=25~



Agitation - 35 horsepower per chanber, turbine
type mixers

Type of Control - feedback pH recorder control -
Control .valves should have linear
trim with positioners

Neutralization - (Chemical Usage, Chemical Storage,
Slaking, Feeding)

Waste Ac1d1ty - Average 100,500 pounds/day (Cacog)

Maximum 426,000 pounds/day (CaCO3)
Lime mtilization - At average - 50%

_ At maximum - 75%
Neutralizing Agent - High Calcium Quicklime .
Desiga Feed Rate Average - 206,000 pounds/day (CaCOj3)
- 112,000 pounds/day (CaoO)
Maximum - 640,000 pounds/day (CaCO3)
— 411,000 pounds/day (CaO)
Storage Capac1ty - 7 days basf:d on ‘average usage
Number of Storage Silos - 4
Silo Capacity - 34,000 gallons (each)
Feeder Capacity - Maximum - 99,000 pounds Cao/day(eac 2)
Range - 15,000-90,000 1lbs CaO/day
Numbec of Slakers - 2
Capacity of Slakers - Maximum-180,000 1bs Ca0O/day (each)
Range-15,000-100,000 1lbs Ca0/day

(each)
Flocculation
A. Chamber -

Tank Shape - rectangular with rounded fillets
along the bottom sidewall.
Sidewall depth - 10 feet
. Paddles -~ four bladed paddles running the
width of the chamber with a tip
speed of 2 feet/second
detention time 15 minutes - -
Baffles - baffling between flocculation and
sedimentation :
Dimensions - 75 feet x 8 feet x 10 feet
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10.

B. Polyelectrolyte
Polyelectrolyte ~ Atlas 2A2
Addition Range - from 0.25 mg/l at 8.75 MGD
to 1.5 mg/1 at 11.5 MGD or
18.3 1b/day - 144 1b/day
Normal Operation - 0.5 mg/l at 8.75 MGD
Solution Concentration ~ 0.4% solution

Solids and Scum Removal

The existing facilities will be used with requlred
repairs or modifications.

Sludge Handling & Vacuum Filtrztion

Sludge Handled - 79,000 lbs/day
Filter Loading Rate - 2.5 lbs/ft2/hr.
Periocd of Operation - 24 hours/day
Total Filter Area ~ 1250 square feet
Space Required - 56 feet x 49 fezet for two filters
- 56 feet x 24 feet for future expan-
sion
Ultimete Disposal - Landfill

. Plow Measurement and Sampling

Flow measurement - Parshall Flume

Sampllng - Continuous, flow prooortloned sample for -
1. Raw waste before neut:ralization
2. Effluent from clarifiers

-27~



APPENDIX B
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STORM WATER RUNOFF-BASES FOR CALCULATION OF FIRST FLUSH

VOLUME

Sewer Contamination Build-Up

It is assumed that the Village of Sauget's
main sewers have no appreciable contaminant
build-up because of the hiéh, consistent flow
resulting in adequate scour velocities to
prevent any significant build~up of deposits
in the sewers. This high scour condition

is not the case in larger cities where the
flows are not great.enough during dry weather
to allow adequate scour velocities.

Abcve Ground Contamination

Contaminants present on streets, buildings,
equipment and grounds will édd an unknown

amount of contaminatiqn to storm runoff. The
contaminants washed off by the rain water woﬁld_
be expected to be in concentrations below the
wastewater levels, thus storm runoff would act
as a diluent even during the first period of the

storm.
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In any event, potential areas of rain water
contamination are limited to the acreage bound-
ed by the darkened lines on the attached map
(note Figure 3). Areas will include 0.5 A, B,
0.5 ¢, D, B, F, G, H, ’M,- N, O, Q, R, S, 0.5 7T,
u, 7, W, X, Y and AA totalirg 185 acres or 8.059

mil'ion ft2 (note Table 27);

Definition of First Flush

1. It is assumed that the najor portion of any
possible above ground centaminants will be
carried off in the firs: 0.2" of rainfall.

2. Average runoff coefficient estimated to be_
0.7.

3. First flush volume = Vpgp

Vpp = 185 acres X 43,56C_ft2/acre X 0.2 in. X 0.7 X 7.48
12 in./ft (gal/ft3yi

Vpp = 800,000 gal.

4. The calcula;ed volume of all main sewers in
the potential contaminant area is 510,000‘g§1;
thus, the surface wash will provide a volume

sufficient to flush the main sewer approximately

1.6 times,
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Section

RUNOFI" CALCULATIONS

Area

(Acxres)
- 17

13.3

.2.0

10

2.0

45

Table 27

*Runoff

Coefficient

0.7

0.7

0.7

0.7

to
Pond

from D

from E,
from F

to B,
to O

tco A
C.6 cfs
to C & M

Area

Agricultural Area

From Pumping

Station, Maximum

Flow
(cfs) Remarks
1.2 Balance
Seepage
7.7 0.7 cfs
- 14.6 0.6 cis
0.9 cfs
+ 0 0.9 cfs
1.0 cfs
0 0.7 cfs
M, & N;:
to C
0 0.9 cfs
9.8 Parkihg
1.9
16.7
Pumping
- 45,6 0.7 cfs
) 0.9 cfs
5.6 0.7 cfs
14.7 1.0 cfs

Capacity

from E;
from ©

from E

from D

‘Agricultural Area



Runoff Calculations (cont'd)

-

Area Runoff

Secﬁion (Acres) Coefficient
Q - 27 0.7

R 14 ’ 0.7

L 1.8 0.7
X 0.0 0.7
Y 3.0 0.7
2 16.7 0.2 .:
AA 5.0 0.7 '
AB 5 0.7 '
~Total

-10- .

Flow
(cfs) Remarks
26.5
13.7 Minor Flooding
Allowed
l.0 Maximum OQutlet
Capacity
- fo Seepage Pond
7.9
8.8
209
4.6
5.9
4,9 Street and
Residentia)
Runoff
- 206.5



5. Vpp = first flush storm water surge capacity.

Arrival Lag of First Flush
The arrival lag of the first flush water to the
treatment plant will be governed by the surface
runoff time and the sewer retention time.
l. It is estimated that the runoff to sewer
collection boxes will flow an average of 500
feet to the main sewers at an average velocity of
of 2 ft/sec. (120 ft/min.)

500 ft _ _
= 4,2 min. surface runoff time.

120 ft/min
2. Sewer retention. time is based upon a full-flow

velocity of 5 ft/sec. (300 ft/min.). 4-36"

sewers flowing at 128.5 cfs = 4 (ﬂb2 ) = sewer
2 2 (4 )
area = 7(3)° = 28.3 ft°, and 128.5 cfs
= §5 ft/sec.
28.3 ft2

Since the longest main sewer run in the potential
contaminant area is 4,300 ft, the expected sewer
4300 ft '
retention time is 300 ft/min = 14.3 min.
3. Therefore, the total delay of the arrival of

the first 0.2" rainfall in reaching the treatment

facility would be 14.3 + 4.2 = 18.5 min.
~11-



E. Pumping Times

l.

Minimum pumping time - In the case of an
intense stérm (i.e., 2"/hour for 30 min*)

it is assumed that a full-flow condition
(128.5 cfs) would be reached in the sewer
quite rapidly. Flowé of this order of
magnitude would cause sewer back-up and
overflow to surge ponds. In such a condition,
holding lagoon capacity for storm water would
be reached in approximately 16 min. assqming
treatment plant design Zlow of 8050 gpm

( 18 cfs) and pumping capacity to the lagoon
of 49,600 gpm (110.5 cfs).

Normal pumping time - "Normal" pumping time
is defined as the time required to reach
storm water holding capacity of 800,000 gal.
The flows pumped to the holding lagoon or the
bypass primary treatment facility would be
only those flows exceeding design flows. All
flows not exceeding design flow (rainfall -
present or not) will be accepted as normal

raw waste to the treatment system.

*See attached rainfall intensity - frequency curve.

=) 2.



£t2 day. The tfeatment plant will normally be able to
handle 0.8 MGD in storage and 2.75 MGD in treatment
capacity above the average dry weather flow.

It should be understood that the surge capacity lo-
cated.in the areas along'19th street and in. Dead

Crezk will handle sewer bacl ups so that after these

ponds have drained into the sewers; after cessation

of maximum storm flo%,greatnr than 8.4 times the normal

daily dry weather flow will have been treated.

~14-



Treatment of First Flush

The treatment system design capacity will be adjusted

to accept the first flush water volume of 800,000

gallons during the 48 hour period immediately fol-

lowing cessation of storm flow conditions. 1In the

event storm conditions are resumed during this 48

hour period, all flow exceering design will be con-
sid=red post-first flush and diverted to the storm

water primary system or bypassed if in excess of

this storm water primary tr=atment system capacity. Because
the average flow is predictad to be 8.75 MGD compared

to the 11.5 MGD design flow, much less than 48 hours may be
expacted for bleeding back the first flush water.

Treatment of Storm Bypass F.ows

It has been assumed that pr:mary treatment of storm

bypass flows (under Part VI, Section 602, paragraph C
of the Illinois State Effluent Criteria) will consist
of a settling basin with a design flow of 71 x 106
gallons/day (49,600 gal/min or 1105 £t 3/sec). ‘This value is
equal to the maximum calculated sewer capacity minus the

MGD treated in the Village plant or 8.2 times the

normal dry weather flow expected in 1974. The design

overflow rate of the storm water clarifier will be 2000 gal/
-13-
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Mater ais of Constructicn Tested
Fer Chermicel Plant Waste Disposal Factlities™*

Introductior.

HE PROBLEM of disposing of indus-

trial wastes has received much public
attention during the past !5 years. His-
torically, the desire for laws regulating
stream pollution has been the province
of state and local sportsme: and conser-
vation groups. The Water Pollution Con-
trol Act of 1956 allows the federal gov-
ernment to join with stale and local
agencies.

Monsanto Chemical Com »any, as most
industries, had long acceted its re-
sponsibilities and directed « forts in the
preventive field of in-plant waste reduc-
tion.? Since 1959 it has operated a small
activated sludge pilot plant and oxidation
pond to determine the manner in which
company wastes could be treated on a
continuous basis and to collect design
data.n.2

This article will discuss the corrosion
investigation conducted in this pilot

plant, report test data and present the

range of acceptable construction materi-
als for all unit operations of a chemical
plant waste disposal facility.

Environment

The W. G. Krumnirich Plant of Mon-
santo is located south of East St. Louis
in Monsanto, lillinois. All its wastes, in-
dustrial and sanitary, are discharged to
the Mississippi River through the Mon-
santo village sewerage system. Two main
trunk lines which pass through the plant
4 Submitted for publication March 14, 1961. A
gaper presented at the 17th Annual Conlerence,
ationat Association Corrosion  Engineers,

Buifalo, New York, March 13-17, 1961,

By OLIVER W. SIEBERT
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tee to the MNorth Centrol Region. He is o
member of ASM, ASME, the Research So-
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also carry wastes from six other indus-
tries and the sanitary sewage from the
village of Monsanto.

The Krummrich Plant produces basic
chemicals such as hydrochloric, phos-
phoric and sulfuric acids, chlorine and
caustic, herbicides, insecticides, oil addi-
tives and intermediates. Approximately
100 different items are produced using a
like number of different raw materials.

91

Figure 2—Wastes, directly from sewer, are sampled at pump tank,

Abstract

Data are reported on the resultr of tests
to determine the range of acceptible con-
struction materials for all unit coaeratioos
of a chemical plant waste disposal facility.
investization presented illustrates the
corrosion problems encountered in the
biologicat treatment of chemical wastes,
stream pollution abatement. The t-sts were
conducted in s pilot ili‘m installed to
study the manper in which wast:s could
be treated on a continuous ba:s. This
activated sludee plant and oxidati:n pond
handled the liquid wastes from : major
chemical plant along with those rom an
oil refinery, zinc plant, casting plan: metals
reclaiming operation, rubber reclaiming
lant, fertilizer plant and domestic sewace.
e corrosion study, directed toward crite-
rion requirements for the design and eco-
nomical maintenance of a full scale, op-
erational sccondary waste treatment plant,
Judes with r dati for con-
struction materials. 238

TABLE V—Composition of Combined Mon-
santo Village Sewage Before and After
Activataed Sludge Treatment

Typical Data | Typical Data
022 ~-hour orﬁmumt
Composite | Sample Re-
Sample Re- | moved After
moved From | Final Set-
Property Main Sewer tilng Tank
pH............ 3.0 7.9
Settieable Solids. . . 2.5 mg/L 0.9 mg/L
S ded Solids. . 150 ppm 112 ppm
Dissolved Solids. . . 2500 ppm 2500 ppm
Chllorides. . ....... 600 ppm 600 ppm
Total Acid........ 00ppm | ........
700 ppm 221 ppm
300 ppm 90 ppm
50 ppm 4 ppm
25 ppm 4 ppm
300 20
.| 36 x 108 gal/ 30 gal/min;
day: 2-3 ft/vec. 5.2 ft/sec.
519t
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Wastes from these operations along with
wastes from an oil refinery, zinc plang,
casting plant, metal reclaiming onera-
tion, rubber reclaiming plant, fertilizer
plant and domestic sewage make up the
composition of the wastes in the v.ilage
sewers. All sewers join before reaching
he Mississippi River and daischrge

rough a single outfall.! Figure 1 cliows

e general layout of the Monsant~ vil-

Ie sewerage system. '

A typical range of composition ¢f the
system waste is shown in able 1.1+3 Lab-
oratory determinations were made each
day on a 24-hour composite sampl. for
the following: pH, scttleable solids, sus-
pendced solids, dissolved solids, chlorides,
total acid, chemical oxygen demand
COD), biological oxygen deriand

BOD), phenol, oil and threshold odor
number.! Figure 2 shows the samjling
station.

Treatment Theory

Activated sludge plants are a form of
aerobic biological treatment of organic
waste materials. Liquid waste is aerated
by bubbling air through the liquid. Micro-
organisms form flocculent masses of aero-
bic bacteria, called activated sludge, that
are suspended in the liquid.

In plant operation, sewage is initially
presettled. The clarified effluent is con-
tacted with activated sludge microorgan-
isms while being vigorously aerated
(which forms more activated sludge).

e mixture is gravity separated, with
sludge from this clarifier recycled as
seed to the biological activity in the
aerator. There are at least two reactions
that occur. Clarification by adsorption
takes about 30 minutes. Oxidation of
organic matter in solution and in colloi-

dal/suspended  form, after adsorption,”

*~kes scveral hours.*
Tagooning is the simplest method of
obic biological treatment of waste.
ganisms usually develop naturally, al-
though sceding of the pond may be ac-
complishecd with domestic sewage or

520t
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nd shown here has an area of 1/10 ccre ond o depth

of 3 feet. | 1fluent is at the left end and overflow at the right.

TABLE 2—Results of Corrosion Tests Ir Moin Sewer Pino and 37 Foot Standplpe After
1819 }aurs Exposure*®

Location of | Averise
Sample In | Corre-loa
Sample Identification Standpipe Rute Remarks
Steel............... ..., Bottom 55 n.py Concentration cell, cratering
10" - 18 nipy | Corcentration cell, pitting
20 3 myy | Pitting, rusting
30’ 10 mpy Pitting, rusting
Castlron............... Bottom 14 nny | Graphitization
10/ 3 niey Gragphitization
20° & nypy Concentration cell, pitting
30’ ® u:py | Pitting. rusuing
Ductite Cast Iron........ Bottom 35 woy | Savere pitting
10° 4 mpy | Severe pitting
. 20 2 mpy | Severe pitting
30 2moy Severe pitting
NiRegisg I..... ... .. Bottam 4 noay Pitting. intergranular etch
10 1 mpy Pitting
20’ <l muy Pitting
30’ 4wy Severe pitting
NiResist I1............. Bottom 8 mpy | Pitting. intergranular etch
10° - Y rapy Pitting
20’ <1 mpy Pitting. intergranular etch
30° 2oy Severe pitting, intergranular etch, rusting
Chemical Lead.......... Bottom <l woy | Pitting
10° <1 moy Pitting
20 L mopy Pitting
30’ <1 mpy | Pitting
80-20 Cu-Ni............. Bottom <1 mpy | Pitting
10’ 1 mpy Pitting
20 <1 mpy Pitting
30" mpy | Pitting
2SH Alumiaum.......... Bottom 40 mpy | Severe shallow pitting
10° <1 mpy Light shallow pitting
20’ <1 mpy Light shallow pitting
30 <1 mpy | Light shallow pitting
_ 201 Stainless Steel....... Bottom 1 moy General light pitting, locully severe
10’ <1 mpy | General light pitting, locally severe
20’ <1 mpy | General light pitting, locally severe
30’ <1 mpy | Genenal light pitting, locally severe _
202 Stainless Steel. . ..... Bottom 3 mpy | Scattered locally severe pitting
10° <1 mpy General light pitting, scattered deep pits
20 <1 mpy General light pitting, scattered deep pits
30 <1 mpy | General light pitting, scattered deep pits
304 Stainless Steed.......] Bottom <1 mpy | Light pitting. intergranular etch
10’ <1 mpy Light pitting to cratering
20 <1 mpy | Light pitting. scattered ceep pits
30’ <1 mpy | Light pitting, scattered deep pits
316 Stainless Steel....... Bottom 1 mpy | Incipient pitting
10 <1 mpy | Incipient pitting
20° <1 mpy | Incipient pitting
30’ <1 mpy Incipient pitting
Hastelloy B............. Bottom 1 mpy Pitting. intergranular attack, concentration cell attack
10’ 2 mpy | Pitting, intergranular attack, concentration ceil attack
x 1 mpy Pitting, intergranular at tack, concentration cell attack
30’ 2 mpy | Pitting, intergranular attack, con centration cell attack
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TABLE 2 (CONTINUED)~—Resuits of Carrosion Tasts In Main Sewer Pipe and 37

FACILITIES

Figure 6—Ruw waste, lifted from the sewer b‘.c hydraulic ejector In the

stendpipe (rizr¢ fereground), is discharged into t

Feet

Standpipe After 1819 Hours Exposure™ ®

Locat:on of
Sample In Average

Sampls Identification Stanuplpe | Corroeion Rate | Remarcks

Nickel.......coviiiiiiiiiienes Bot.om <1 mpy Light pitting, scactered deep pis
1¢- 2 mpy Light pitting, scattered deep pits
2 1 mpy Light pitting, scattered dev 0 its
3n’ 2 mpy Light pitting, scattered decp v:1s

Mersloooiieieniiin vt B. tom <1 mpy Light pitting, concentration =i
10’ 1 mpy Severe cratering
x <1 mpy Light pitting, concentration cel:
3V’ <1 mpy Severe pitting, intergranular at:ack

Polyviny! Chloride, Type II.... Bottom + 0.3 P.C.\W.te)) Softened, warped. absorbed od:.:s

ype i’ + 0004 - Warped. absorbed odors
’ 20’ + 007 * Warped. absorbed odors
3 + 0.027 * Warped, absorbed odors

Polyvinylidene Chloride. .. ..... Bot om + 026 - Softened, warped. absorbed odors
10 + 008 Softened, warped. absorbed od rs
Pt + 003 Softened, warped, absorbed odr:rs
kL - 001 * Softened, warped, absorbed od .rs

Acrylonitrile Butadi Copol Bot:om — 041 ™ Softened, wa . absorbed od..

e rene Lopolymert PGP +03 - Softencd, Shamraed odors "
3’ - 02 “ Absorbed odors, no degradatior

Neoprene. .........coievnnn.nn Bot.om +30 * ellied mass material
10’ +14.6 . tened, swelled. sticky, absorbed
20" + 2.7 . Distorted, absorbed odors
30’ — 001 Slight swelling, absorbed odors

Chlorosulfonated polyethylene ..| Bottom +33 » Softened, swelled, absorbed material
10’ +13.4 - Softened, swelled, absorbed material
20’ + 35 - Softened, absorbed odors
30° + 0.003 Absorbed odors

Red Rubber................... Bottom +41 - Saftened. swelled, absorbed material
10* +13 " Softened, swelled, absorbed material
20 + 35 " Softened, swelled, absorbed material
30’ + 0.2 " Absorbed odors

Polyethylene. ................. Bottom + 7.2 * Sticky, darkened, absorbed odors
10” + 7.4 . Darkened, abscrbed odors
20’ + 4.3 bt Darkened, absorbed odors
30’ + 00r * Darkened, absorbed odors

Polytetrafluoro Ethylene........ Bottom | ........cee0nns Absorbed odors

.

Pine (Phenolic Treated). ....... Bottom + 0.5 " Abhsorbed material, leaching of soft wood
10’ + 18 " Absorbed material, leaching of soft wood
20° + 18 . Absorbed material, leaching of soit wood
30’ — 1.4 . Absorbed odors, bleached

Pine (Furan Treated).......... Bottom — 0.6 ‘ Absorbed material, leaching of soft wood

. 10° + 1.1 " Absorbed material, leaching of soft waod
20° + 12 . Absorbed odors, surface cracking
30’ — 12 " Absorbed odors, bleached

@) Liquid level in standpipe (river stage) during test avera 14 {004-20 foot above 4 foot diameter sewer pi
o) Surface of liquid in standpipe covered by an ou layer.m pipe.

) Percent change by weight,

pump tank (upper center).

treatment plant effluents. Oxygen s ab-
sorbed at the surface from the armos-
here and also results photosynthetically
rom plankton or algae.* Considerable
land area is needed because ponds must
be shallow and require retention up to
90 days to react. During this time some
solids settle, some liquid may be ab-
sorbed into the ground and additional
purification could come from sponta:aeous
chemical reactions in the wastes.

Aerobic biological treatment is <ensi-
tive to poisoning by germicides and heavy
metals. Both toxic materials are present
in the Monsanto village sewage but ex-

rience has shown that the wastes can

e treated successfully. Further infcrma-
tion is available in other reports.5:8. 7.8

The activated sludge pilot plart used
by the author’s company is shown in
Figure 3. The associated oxidation i: goon
is pictured in Figure 4. Figure 5 shows
the flow sheet of the complete system.
The waste was pumped from the sewer
at a point near the river, to a pump
tank shown in Figurc 6 {2 pump off this
tank supplied the power to an ejector
located in the bottom of a 37 foot deep
sewer standpipe). The waste drained
through a stainless stecl weir box which
controlled the overflow to a 2000 gallon
wooden neutralizer tank. The waste was
neutralized with lime, preaerated, over-
flowed to a 2000 gallon agitated wooden
hold tank and the wastes were blended,
(see Figure 7). This material was pumped
to a second stainless steel weir box, which
controlled the overflow to both a primary
settling tank of steel, 3 ft. diameter, and
to the lagoon, one tenth acre in size and
three feet deep, shown in Figure 4. From
the primary settling tank the effluent
flowed by gravity to an aeration tank of
steel, 6 feet x 6 feet, shown in Figure 8.
Later the material overflowed to a final
settler, again a 3 ft. diameter steel tank
where the biological solids were re-
moved and pumped back to the aera-
tion tank for seed. The purifier efflucnt
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rom I

overflowed from the settling tank to tie
river.

One full scale secondary waste tre: t-
ment plant has been built from d:ta
secured from pilot plant studies. This
unit, at the Monsanto plant at Annistcn,
Alabama, is respouding to the perforn-
ance anticipated from the pilot plant
studies.’ ?

Experimental Procedure

Metallic corrosion specimens were pre-
nared from commercial sheet stock, siw
oversize and then machined to a
:nal size of ¥4 inch x 1 inch x 2
\/fcs with a 3g-inch diameter support
drilled near one end. Sensiti.ed
cimens were made by welding two
sheets together, the weld being the longer
axis of the completed coupon. All sam-
ples were polished to a 120 grit finish

and hand stamped for identification.
The size of non-metallic corrosion spe-
cimens were 2-3 times the 5.5 square inch
area of the metal coupons. They were

exposed in an “as-received” condition.
All specimens, except concrete, vrere
electrically insulated and separated frem
each other and from their support hold-
ers by the use of machined fluorocarbon
sleeves, washers and spacers. Concrete
samples were set in the bottom of the

exposurc.

Coupon exposures were made in the

-~tae

Figure 8—Top view of aeration tank.

TABLE 3—Results of Corrosion Tests In cni. Above Main Effiuent Sluice, Pumping Station,
3096 Hou.s Exposure™

2 verage Corroslon

Location
Sample Identification of Sample Rate, mpy Remarks
Gray Cast lron....cvvvenennnn.. Liquid 26.4 Pitting
Vapor(b) 238 Pitting
NiResist [......cocvvvvnnenannn Liquid 1.9
Vapor 5.3
NiResist DIL......cocvnvinenn Liquid 3.2 Pitting
Vapor 8.9 ,
00/10 Cu-Ni...eoovreanenareans Liquid <0.1 Profuse incipient pitting
Vapor 0.1 Profuse incipient pitting
Bronze, Commercial............. Liquid 0.5 Slight concentration cell attack
Vapor 1.8 Pitting
Bronze, 10% A)-5% Ni.......... Liquid 5.5 Incipient pitting
Vapor 1.9
Bronze, Ni Vee Type A.......... Liquid 0.6 Slight concentration cell attack
Vapor 2.2
Bronze, Ni Vee Type B.......... Liquid 0.7 Slight concentration cell attack
Vapor 25 Pltting
Monel........... teessresaanann Liquid 0.3 Incipient pitting
Vapor 22 Pitting
Ni-O-nel...... tereseeniecnneans Liquid <0.1
Vapor <0.1
304 Stainless Steel.............. Liquid <0.1 Pitting; crevice attack
Vapor 0.1 Pitting; incipient crevice attack
316 Stainless Steel. ............. Liquid <0.1
Vapor <0.1
Durimet 20.............. caree Liquid <0.1
Vapor <0.1

) Joint test with International Nickel Co. for U.S. Engineers, St. Louis District; Evaluations by A. J.

Marroa, Inco.

b

) Vapor exp e, in st

, 2 feet above liquid effluent.

TABLE 4—Results of Corrosion Tests in Liquid and at Interface(® of Pilot Plant Pump Tank {1416 Hours

Exposure)
Location of )
Sample [dentification Sample Average Corrosion Rate Remarks (Examination at 1X, 5X. 40X)
T A N eeenennan ceen Liquid 24 mpy Severe pitting and conc. cell attack
Interface 39 mpy Severe pitting and conc. ceil attack
304 W Stainless Steel ), .., . .. iiiiiiieiiieieaena., Liquid <1 mpy Severe conc. cell attack
Interface <1 mpy Severe conc. cell attack
316 W Stainless Steel..............heinnns creersrecnnann Liquid No attack
Interface No attack
Carpenter 20 W........ooiiivinnnnninnnns PR wreeess] Liquid lo attack
Interface No atteck
T ~ze, ASTMB 144 Lead/Tin........voviinn.n. tereescann Liquid 1 mpy Uniform shallow pitting
“er, modified carbon filled, glass fiber reinforced....... Liquid 40.02 Weight Percent Change No attack
Interface 40.09 Weight Percent Change No attack
\C{cete. air entrained, 3000 psi (min)........... ceseranne Liquid | ......... resssssssacnes ceea Severe attack on cement

:: S‘sngples exposed at !iquid].vapor interface,
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Figure 11—C- ncrete before ond after exposure in neutralizer, gerctsr and

final scttier,

TABLE 5—Results of Corrosion Tests in Liquid and at Interface® of Pilot Plant Neutralizer,> 1488 Hours

Exposure

Sample Location Rate Remarks

b2 T Liquid 56 mpy Severe pitting and concentration cell
Interface 1 mpy Light pitting, locally moderate

304 W Stainless Steel@) | it ciee e, Liquid <1 mpy No attack - —_
Interface <1 mpy No attack

316 W Stainless Steel. . ........cciiiiiiiiii e Liquid <1 mpy No attack
Interface <1 mpy No attack

Bronze, ASTMB 14t Lead/Tin...o.o oo ivvei i iiieenenns Liquid <1 mpy General shallow pits
Intesface <1 mpy General tiny pits

Yellow Pine (Phenolic treated)..............oo v Liquid 4+ 0.45 Weight Percent Change Absorhed material, leaching of soft wood
Interface +10.98 Weight Percent Change Absorbed. some splitting

Yellow Pine (Furan treated)..........c.cooiiiiiinnnnn. Liquid +16.55 Weight Percent Change Absorbed material
Interface +19.24 Weight Percent Change Absorbed material

Redwood. ... ... iiiiiitiinternnienecterienennnnnnrenes Liquid + 6.38 Weight Percent Change Bleached, absorbed material
Interface + 5.15 Weight Per:ent Chunge Bleached. absorbed material

Concrete, air entrained, 3000 psi (min) .. ................. Liquid | . iiiiiiiiceiiiis it iaeaaa No attack

) Samples exposed at liquid/vapor interface.

) Agitated with 2 turbine impellers at 90 RPM, 2 diagonally verucal bafiles in tank.

W) W designatcs welded sampile.
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pilot plant at eight test stations, loca-
tions shown on Figure 5. Samples were
tested in the pilot plant and lagoon from
1409 to 3096 hours; two coupons were

nosed in the lagoon for only 406 hours.

After exposure, the metallic samples
erc clecaned of wastes, and products of
corrosion, washed with detergent and
acetonc, dried and weighed. Corrosion
rates were calculated from weight loss.

All coupons were examined with the
naked eve for obvious defects and studied
under the microscope at 5X and 40X,
Plastic and wood samples were washed
with warm water, dried with absorbent
paper/cloth and weighed before they
could dry out. These samples were again
examined after they were dried to a
constant weight. Concrete samples were
washed and examined.

Vol. 7

Results and Discussion

Results of all corrosion tests are tabu-
lated in Tables 2 through 9. Corrosion
rates and types of corrosion are reported.
These latter observations can be con-
trolled over the corrosion rates, per se.
At the same time, it is no more reason-
able to say that only those materials
showing uniform attack can be consid-
ered for engincering application than it is

to accept only those with low corrosion
rates. Consider the following example.
Type 304 stainless steel suffered less
than a mil penctration per year in every
exposure scries, vet in only the neutral-

TABLE 6—Results of Corrosion Tests in Discharge Pipe Line from Hold Tank Discharge
Pump, 1409 Hours Exposure'™

Average Corrosion izer tank, Table 5, was the material

Sample Identification Rate, mpy Remarks (Examination at 1X, 5X, 40X) without pitting or concentrauion cell
Seeel 21 PSwprE— — damage. Though a material may be
....................... Severe pitting, moderate concentration ce known to have excellent resistance, as

301 W Stainless Steeli®), .. ... <1 Slight concentration cell Type 316 stainless steel, a material hav-
316 W Stainless Steel........ <1 No attack ing a higher corrosion rate may be more
Carpenter 20+ PeR—— ::if;lnomzcally suitable for tank construc-
Bronze, Lead/Tin ASTMB . Gross shallow bitting, moderate concentration ce | The before and after condition of con-
""""""""""" rosa ahatlow pitting. modera © crete tested in the pump tank, neutralizer,

P

aeration, final settler and lagoon ar:

®) Pump discharged at 30 gpm, 5.2 fps pi;-e line flow over samples. shown in Figures 9. 10 and 11
s .

) W designates welded samples.

TABLE 7—Results of Corrosion Tes?s in Liquid and at Interface® ot Pilot Plant Aeration Tank, 1488 Hours

Exposure
Location of
Sample Identification Sample Average Corrosior. Rate Remarks (Examination at 1X, 5X, 40X)
12 Liquid 62 mpy Uniform loss plus pitting
Interface 4 mpy Severe pitting and concentration cell
Y W Stainless Steelt®). ... ... e, Liquid <1 mpy Destructive concentration cell
'\/ Interface <1 mpv No attack
18 W Stainless Steel . .. ... ...iiiiiiiin iiieneieenes Liquid <1 mpy No attack
Interface <1 mpy No attack
Bronze ASTMB 144 Lead/Tin.........covviviieenennnnan Liquid 1 mpy Shallow pitting
Interface 1 mpy Shallow pitting
Yellow Pine (Phenolic treated).............cvvenennannn. Liquid 10.8 Weight Percent Change Absorbed material. some splitting
Interface +8.9 Weight Percent Change Absorbed material
Yellow Pine (Furan treated). . .......c.oiiiiiveeensenans Liquid 17.31 Weight Percent Change Absorbed material, some splitting
Interface 13.05 Weight Percent Change Absorbed material
Redwood. . ..ot it et e Liquid 5.08 Weight Percent Change Grey, absorbed material, split
Interface 5.16 Weight Percent Change Grev, absorbed material, split
Concrete, zir entrained, 3000 psi (min)...........c00nvennn. Liquid | . i e No attack

@) Sample exposed at liquid/vapor interface.
) W designates welded sample.

TABLE 8—Results of Corrosion Tests in Liquid and at Interface(®’ of Pilot Plant Final Settler Tank, 1563
Hours Exposure :

Location of
Sample Identification Sample Average Corrosion Rate Remarks (Examination at 1X, 5X, 44X)
Steel. ... ... et eaa eeiaseeeaes Liquid 4 mpy Pitting, severe concentration cell
Interface - 3 mpy Deep pits, concentration cell
304 W Stainless Steel®. . ..... eeeeteaesnanarsteanesanns Liquid <1 mpy Severe concentration cell
Interface <1 mpy Severe concentration cell
316 W Stainless Steel. . ..ottt iincnniiaieinnoienss Liquid <1 mpy No attack - -
Interface <1 mpy Several isolated deep pits
Bronze, ASTMB 144 Lead/Tin. . ... oevriniiennnnnanns Liquid <1 mpy General
Interface <1 mpy General
Yellow Pine (Phenolic treated).......cvveuerieecionnrenns Liquid 8.87 Percent Weight Change Blchcd. absorbed material, leached
soft w.
Interface 10.04 Percent Weight Change Bleached, absorbed mazterial, leached
soft wood
Yellow Pine (Furan trested)..........c0ovvvnrenrncnennns Liquid 18.97 Percent Weight Change Same as phenolic treated + splitting
Interface 10.61 Percent Weight Change Same as phenolic treated + splitting
‘WOOd. e iirieaiiaeriieiinea cetsraans erssenraas . Liquid 8.29 Percent Weight Change Same as phenolic treated pine
\ Interface 9.05 Percent Weight Change Same as phenolic treated pine
6 air ined, 3000 psi (MiB)..c.uvnrvrrencnnnnns Ligaid | coeeririiiiiiieranieieaans No attack

:;S\sn!plg exposed at liquid/vapor laterface.
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November, 1961

Conclusion

An activated sludge waste treatment
plant can be built of economical,’® com-
mercially available construction materi-
als. Table 10 lists acceptable materials

for equipment, pipe and fittings for each
unit operation of the biological treatment
facility. While some specific selections
will vary from one industrial waste treat-
ment installation to another, the envirou-
ment reported in this test is composite
enough to allow most of the results to be
accepted as a guide for design.
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Neutralizer Hold tank Primary Settler. .. A'JB'KG' H,| A, B.C,J A, B,C.J {A.G.HK| H
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